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ABSTRACT 

  
Erythropoietin has long been used in renal failure patients for its hematopoeitic 
properties. It has recently been claimed to possess cytoprotective effects on many 
other cell lines including renal tubular cells .The aim of the present study was to 
assess the possible effects of erythropoietin  on prevention of contrast induced renal 
failure in male rats. Methods: Thirty-two male albino rats were divided into four 
groups (n=8 each): control (C), contrast media (CM),  erythropoietin (E) and  rats 
treated with one single dose erythropoietin (4000 IU/Kg) IP 30 minutes before IV  
injection of the high osmolar  contrast media diatrizoate (6 ml/kg)  (E+CM). All the 
groups were subjected to dehydration for 72 hours before any injections were done. 
Hematological indices, kidney function parameters, oxidative stress markers, tumor 
necrosis factor alpha as a marker for inflammation and caspase 3 activity as a 
marker for apoptosis were measured after 72 hours of injections. Results: Injection of 
diatrizoate in dehydrated animals resulted in reduction of GFR, increased blood urea 
nitrogen and serum creatinine. It was associated with increased TNFα release and 
increased activation of caspase 3 as well as increased oxidative stress in kidney 
homogenates. Erythropoietin injection prior to the injection of the contrast medium 
significantly improved renal function parameters and was associated with a reduction 
in TNF alpha production, a reduction of caspase 3 activity and an increase in 
superoxide dismutase activity in the kidneys. Conclusion: Erythropoietin can infer 
protective effects to the kidneys against contrast induced nephropathy through 
mechanisms that are independent of its effect on the red cell mass. 
Key words: Erythropoietin, contrast medium, renal failure, oxidative stress, 
apoptosis. 

 
INTRODUCTION 

 
Contrast-induced nephropathy 

(CIN) is most commonly defined as 
acute renal failure occurring within 48 
hours of exposure to intravascular 

radiographic contrast material that is 
not attributable to other causes(1). 
Contrast-induced nephropathy usually 
manifests as a non-oliguric and 

asymptomatic transient decline in 
renal function(2). The serum creatinine 
level begins to rise within 24 hours of 
contrast administration, usually peaks 
within 3–5 days, and returns to 
baseline within 10–14 days causing an 
increased medical and economic 
burden to both the patient and the 
health system (3) 
 



 
 
Bull. Egypt. Soc. Physiol. Sci. 29 (2) 2009                                          Rateb & Ismaiel 

 
52

The exact underlying mechanisms 
of contrast media induced 
nephrotoxicity have yet to be fully 
elucidated but are likely to involve the 
interplay of reduction in renal 
perfusion and increased  renal tubular 
oxidative stress with , dehydration and 
decreased effective intravascular 
volume  leading to exaggeration of the  
direct toxic effects of the contrast 
medium(4) 

Several strategies have been used 
in order to reduce the occurrence of 
such a complication including proper 
evaluation of high risk patients who 
are more likely to suffer from CIN, 
choice of contrast media to be used 
and the dose used, proper hydration, 
stoppage of nephrotoxic drugs before 
injection of the contrast and the use of 
some protective agents such as N- 
acetyl cysteine and adenosine 
antagonists. (5) 

Erythropoietin hormone has been 
recently suggested as a possible cyto-
protective agent in many cell lines. 
Erythropoietin receptor (Epo-R) 
expression was described in various 
cell lines such t as endothelial cells, 
neuronal cells, cardiac myocytes, and 
vascular smooth muscle cells(6). It is 
believed that erythropoietin can play a 
protective role in such tissues both 
directly by activating multiple 
biochemical mechanisms that provide 
antiapoptotic, antioxidative, and anti-
inflammatory response to 
hypoxia/anoxia and indirectly via its 
angiogenic potential by inducing 
oxygen systematic supply to the 
ischemic tissue.(7) 

In the nervous system, Ehrenreich 
et al (8) found an improvement in 
cognitive properties in schizophrenia 
patients after erythropoietin treatment 

(40.000 IU twice weekly for twelve 
weeks)  confirming a neuroprotective 
role for the hormone. 

In the cardiovascular system 
however, erythropoietin has shown 
controversial results.  It was reported 
that the hormone can mediate 
cardioprotection against acute 
ischemic injury through   inhibition of 
apoptosis and reducing the incidence 
of cardiac failure that frequently 
complicates such events(9,10).  
However, recent evidence from 
randomized trials showed an increased 
risk of cardiovascular events and 
increased mortality in patients with 
chronic heart failure receiving 
erythropoietin treatment(11). 

In the renal system, Yang et al. 
(12) have described a protective effect 
of erythropoietin on renal tubular 
functions after ischemia reperfusion 
injury through induction of heat shock 
protein 70 and increasing the 
expression n of c-jun NH2-terminal 
kinase (JNK) and reduction of caspase 
3 activity. 

The aim of the present study was 
to investigate the possible cyto-
protective effects of erythropoietin on 
the kidney functions  in acute contrast  
induced renal failure in male rats 
through  examining its effects on the 
activity of the pro-apoptotic enzyme 
(caspase 3) and on the oxidant/anti-
oxidant state in kidney homogenates 
as well as evaluating renal functions 
and inflammatory markers in the 
blood of the studied groups. 
 
MATERIALS & METHODS 

 
1. Experimental animals:  

This study involved 32 male 
albino rats weighing between 170 and 
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200 g. The animals were randomly 
divided into four groups each 
consisting of 8 rats. Animals were fed 
a standard diet and housed in the 
animal house of Kasr Al-Aini Faculty 
of Medicine with a 12:12-h light/dark 
cycle. The study protocol lasted for 
six days and was approved by the 
faculty ethical committee for research 
. 
2. Induction of contrast induced 
renal failure 

We have followed the method 
suggested by Topraki et al.( 13) to 
produce contrast induced renal failure. 
They found that a preliminary period 
of 72 hours (hrs) of water deprivation 
followed by intravenous (IV) injection 
of diatrizoate (Urografin) (6ml/kg) 
resulted in tubular necrosis, tubular 
protein casts, medullary congestion 
and impaired renal functions. 
Therefore, CIN was induced by 
diatrizoate (6ml/kg), after a 72 
hrs.dehydration period.   

The animals were allowed free 
access to food during the first three 
days of the protocol but were 
restrained from receiving any water. 
After the injections of the used drugs 
were made, the animals were returned 
to their cages and allowed free access 
to water and standard diet for another 
72 hours before measurements were 
made.  
Injections were done at same time of 
day for all groups. 
3. The studied groups were as 
follows: 

a- Group I: control group (C) 
subjected to three days of 
dehydration followed by one 
single intra-peritoneal (IP) 
injection of saline and (IV)) 
injection of saline in the tail vein. 

b- Group II: Erythropoietin group 
(E) subjected to three days of 
dehydration followed by one 
single (IP) injection of 4000 
IU/kg Erythropoietin. 

c- Group III:  contrast media (CM): 
animals subjected to three days of 
dehydration followed by (IV) 
injection of contrast at dose of 
6ml/kg.(13) 

d- Group IV: contrast media + 
Erythropoietin (CM+E): animals 
subjected to three days of 
dehydration followed by (IP) 
injection of (E) at the dose of 
4000 IU/ Kg followed 30 minutes 
later by IV injection of contrast 
medium.(14)  
Erythropoietin was obtained as 
Eprex syringes (alpha 
erythropoietin 2000IU/ml) from  
Cilag   while diatriozoate was 
obtained as  Urografin  (20 ml) 
ampoules 76% Schering AG, 
Germany . 

4. Parameters measured:  
72 hours after injections were 

given, the following measurements 
were performed: 
4.1. Blood and serum parameters 
4.1.1.Blood indices and renal function 
parameters 

Blood samples were procured for 
measurements of hematocrit value and 
red cell count, blood urea nitrogen 
(BUN) and serum creatinine from the 
caudal vein. Creatinine (Cr) 
measurements were performed using 
the Rate-Blanked creatinine/Jaffe 
method on a Roche/Hitachi 
autoanalyser(15). 

BUN measurements were 
performed using the method of Patton 
and Crouch(16) on a Roche/Hitachi 
autoanalyser. Hematological 
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measurements were performed on a 
Baker 9000 hematology analyzer. 
4.1.2 Measurement of serum  tumor 
necrosis factor alpha (TNF-α) 

Serum TNF- levels were 
measured by ELISA according to the 
manufacturer's instructions 
(Biosource, USA) according to the 
principle of Mizutani et al.(17) 
4.2. Glomerular filtration rate (GFR) 
assessment 

After primary collection of blood 
samples from caudal veins, the GFR 
was assessed. We used the method 
described by Efrati et al.(18) using 
99mTechnetium diethylene 
triaminepentaacetic acid (99mTc-
DTPA) injection. 0.1 ml of 1 uCi/ml 
99mTc-DTPA was injected 
intraperitoneally  which was followed 
60 minutes later by obtaining 50 ul 
blood sample  from the caudal vein 
and diluting it in 2ml of phosphate-
buffered saline (pH 7.4). Standard 
solution was prepared from 0.1 ml of 
1 mCi/ml 99mTc-DTPA stock solution.  
Radioactivity of the samples was 
measured in a gamma counter (LKB, 
USA) and GFR values were 
calculated using the following 
formula:  

GFR= V x Ln (CPM0/CPMt)/t 
where V is the volume of distribution 
(0.3 of animal weight in mg); (CPM0) 
is the radioactivity counts per min of 
standard solution; (CPMt) is the 
radioactivity counts per minute,60 
minutes after 99mTc-DTPA injection; 
and (t) is the time (min) between the 
99mTc-DTPA injection and the blood 
sample procurement.(18) 

4.3. Measurements in tissue 
homogenates 

After measurements were 
performed for GFR, the rats were 

lightly anaesthetized by sevoflurane 
inhalation and then sacrificed by 
cervical dislocation. The kidneys were 
quickly exposed and isolated, washed 
with saline, dried on blotted paper and 
weighed.  Homogenates of the right 
kidney in Phosptate extraction buffer 
solution (10% W/V) were obtained 
using Branson sonifier and were used 
for assay of caspase-3 activity as a 
marker for tissue apoptosis.  The 
homogenates of left kidney were used 
for determination of the oxidant/anti-
oxidant state of kidney by evaluation 
of malondialdehyde production as an 
index of lipid peroxidation and total 
superoxide dismutase activity (SOD) 
activity. 
4.3.1. Measurement of  
Malondialdehyde (MDA):  

MDA was measured in tissue  
homogenates after precipitation of 
protein by addition of trichloroacetic 
acid then thiobarbituric acid (TBA). 
TBA reacted with MDA to form TBA 
reactive product, which was measured 
at 532 nm (19). Results were expressed 
as nmol/ gm tissue.  
4.3.2. Determination of Superoxide 
dismutase (SOD) activity 

The SOD activity was determined 
by a modified version of the method 
of Minami and Yoshikawa (20).  .Fifty 
microliters of the kidney homogenate 
was mixed with 
450 μL of cold deionized water, 125 
μL of chloroform, and 250 μL of 
ethanol. The mixture was centrifuged 
at 8000g for 2 minutes at 4◦C. Five 
hundred microliters of the extract was 
added to the reaction mixture 
containing 500 μL of 72.4mM tris-
cacodylate buffer with 3.5mM 
diethylene pentaacetic acid (pH 8.2), 
100 μL of 16% TritonX- 100, and 250 
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μL of 0.9mM nitroblue tetrazolium 
(NBT). The reaction mixture was 
incubated for 5 minutes at 37◦C 
before adding 10 μL of 9mM 
pyrogallol (dissolved in 10mMHCL). 
Then, it was incubated for exactly 
5minutes at 37◦C. The reaction was 
stopped with the addition of 300 μL of 
2M formic buffer (pH 3.5) containing 
16% TritonX-100. The absorbance 
was measured at 540nm in the 
spectrophotometer. One unit of SOD 
enzymatic activity is equal to the 
amount of enzyme that diminishes the 
initial absorbance of nitroblue 
tetrazolium by 50%. 
 
 4.3.3. Caspase 3 Activity 

30 mg of fresh kidney tissue was 
homogenized in extraction buffer and 
centrifuged and 10.000 rpm for 15 
min, at 4°C. The supernatant was 
stored at -80°C for one month for 
Caspase3 activity immunoassay 
(Quantikin R and D systems, 
Minneapolis, USA) following the 
manufacturer's instructions and 
expressed per microgram of protein. 
5. Statistics 

Results are expressed as mean 
±SD. Groups were compared using 
unpaired student's t-test or by one way 
ANOVA with Post hoc for analysis 
for statistical significance between 
groups. A p-value ≤0.05 was 
considered significant. 
 

RESULTS 
 
1. Blood and serum parameters 

Blood samples taken 72 hours 
after injections showed no statistically 
significant difference between any of 
the groups studied as regards the 
hematocrit value 

(control=43.02±1.3%, E=44.1±1.5%, 
CM=45.03±1.7%,CM+E=43.4±1.3). 
(Fig 1) or the red cell count (in 106/μl) 
(C=6.23±0.41,E= 6.45±0.89, 
CM=6.38±0.9, CM+E= 6.3±0.5 ) . Fig 
(2) 

However, kidney function tests 
show significant increase in BUN and 
serum creatinine in samples from 
animals receiving contrast media 
when compared to control group 
(P≤0.05) or to erythropoietin group 
(P≤0.05). The injection of 
erythropoietin prior to the injection of 
the contrast medium led to a 
significant reduction of the levels of 
BUN and creatinine measured when 
compared to the contrast medium 
group (P≤0.05), however , these 
values were still significantly higher 
than the control values (P≤0.05). 
Erythropoietin injection in group II (E 
group) did not result in any significant 
change in BUN and creatinine 
measured 72 hours after injection 
when compared to control group.  

Erythropoietin significantly 
reduced TNF-α in group II when 
compared to control (P≤0.05). 
Injection of contrast medium in group 
III resulted in a significant increase in 
TNF-α levels when compared to 
group I control group. (P≤0.05).  

Erythropoietin injection  before to 
the injection of the contrast medium 
resulted in a significant reduction in 
TNF-α  when compared to group III 
(.(P≤0.05)., however, the level was 
still significantly higher than those 
encountered in control group I. 
(P≤0.05). (Table 1) 
2. Glomerular filtration rate 

Measurements of GFR confirmed 
the previous results of renal functions 
in different studied groups as 
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erythropoietin in group II did not 
show any significant change in values 
of GFR when compared to control 
group (1.56±0.2ml/min versus 
1.6±0.3ml/min, P≥0.05).  

The injection of contrast medium 
resulted in a significant reduction in 
GFR when compared to control group 
(0.42±0.18 ml/min versus 
1.6±0.3ml/min. P≤0.05). The injection 
of erythropoietin prior to the injection 
of the contrast medium resulted in a 
significant improvement of GFR when 
compared to group III contrast 
medium (0.93±0.22ml/min versus 
0.42±0.18 ml/min. P≤0.05, however 
such values in group IV were still 
significantly less than values obtained 
in group I control group. 
(0.93±0.22ml/min 
versus1.6±0.3ml/min. P≤0.05) Fig (3). 
3. Evaluation of apopotosis by 
Caspase 3 activity in kidney 
homogenates  

Our results show that a single 
erythropoietin injection resulted in a 
significant reduction in caspase 3 
activity when compared to group 
I.(P≤0.05). Injection of Urografin 
(6ml/kg) resulted in a significant 
increase in the activity of caspase 3 
from kidney homogenates when 
compared to group I. (P≤0.05) 

Injection of Erythropoietin prior 
to the injection of Urografin resulted 
in a significant reduction in the 
activity of caspase 3 when compared 
to group III (P≤0.05). The activity of 
caspase 3 in group IV almost returned 
to levels encountered in group I. 
(P≥0.05) Table (2).  
4. Evaluation of Superoxide 
dismutase activity (SOD) and 
Malondialdehyde content (MDA) in 
kidney homogenates.   

Our results show that 
erythropoietin injection in group II did 
not result in a significant change in 
SOD activity or MDA content when 
compared to group I. (P≥0.05). 
Injection of Urografin resulted in a 
significant reduction of SOD activity 
(P≤0.05) and increased MDA content 
(P≤0.05) when compared to group I. 
The injection of Erythropoietin before 
the injection of Urografin resulted in a 
significant increase in SOD activity 
when compared to group III ( P≤0.05) 
and significant reduction in MDA 
content.( P≤0.05) when compared to 
group III, however, MDA levels were 
still significantly higher than levels 
obtained in control group I. (P≤0.05). 
(Table 2). 
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Fig. (1): Effect of erythropoietin, contrast media, and erythropoietin +contrast media 
injection on Hematocrit percentage (Ht%) in different groups of rats involved in the 
study 72 hours after injections were administered. 
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C=control group, E=Erythropoietin group, CM=contrast media group, CM+ 
E= contrast media+ erythropoietin group. Results are expressed as means±S.D.  
No statistical difference exists between the studied groups. 
  
 
 
Fig. (2): Effect of erythropoietin, contrast media, and erythropoietin +contrast media 
injection on red cell count (RCC) in different groups of rats involved in the study 72 
hours after injections were administered 

0

1

2

3

4

5

6

7

8

C E CM CM+E

R
C

C
 i

n
 1

0
6 /u

l

RCC

 
C=control group, E=Erythropoietin group, CM=contrast media group, CM+ 
E= contrast media+ erythropoietin group, RCC= Red cell count in 106/μl. Results are 
expressed as means±S.D.  
No statistical difference is present between groups. 
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Fig. (3): Effect of erythropoietin, contrast media, and erythropoietin +contrast media 
injection on glomerular filtration rate (GFR) in ml/minute in the different groups of 
rats involved in the study 72 hours after injections were administered. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

C=control group, E=Erythropoietin group, CM=contrast media group, CM+ 
E= contrast media+ erythropoietin group. Results are expressed as means±S.D. 
*Significant changes in comparison to control group I. (P≤0.05).  
** Significant changes in comparison to contrast media Group III.  (P≤0.05) 
 

The figure shows a beneficiary effect on GFR when erythropoietin was 
injected (IP) prior to administration to contrast medium by (IV) route. 
 
 
 
Table (1): Effect of erythropoietin (4000IU/kg) (IP) injection, Contrast medium 
(6ml/kg ) (IV) or erythropoietin followed 30 minutes later by injection of the contrast 
medium on Blood urea nitrogen (mg/dl), serum creatinine (mg/dl) and TNF-α (pg/ml) 
in the different studied groups as measured 72 hours after injections. 
 

Group BUN (mg/dl Cr (mg/dl) TNF-α (pg/ml) 
C 20.32+0.73 0.42+0.02 7+3.2 
E 21.05+0.43 0.43+0.01 3.2+1.5* 
CM 70.3+ 2.6* 1.07+0.03* 42.1+10.2* 
CM+E 34.32+0.32*¥ 0.73+0.05*¥ 23.4 +6.3*¥ 

 
Results are mean ± SD. 
C= control, E= Erythropoietin (4000IR/Kg ip), CM= contrast medium (6ml/kg IV), 
CM+E= contrast medium +Erythropoietin.  BUN= blood urea nitrogen, Cr= Serum 
creatinine, TNFα= tumor necrosis factor alpha. 
* significant change in comparison to control group I. P≤ 0.05. 
¥ significant change in comparison to CM group III. P≤ 0.05. 
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Table (2): Effect of erythropoietin (4000IU/kg) (IP) injection, Urografin(6ml/kg) 
(IV) or erythropoietin followed 30 minutes later by injection of the contrast medium 
on Caspase 3 activity (ng/ug protein), superoxide dismutase activity  (IU/ug protein) 
and Malondialdehyde(nmol/g tissue) in the different studied groups at 72 hours after 
injection time. 
 

Group Caspase 3 
(ng/ug protein) 

SOD 
(IU/ug protein) 

MDA 
 nmol/g tissue 

C 15.2+1.2 3.46+0.4 102.4+5.3 
E 11.3+0.5* 3.52+0.8 100.3+4.4 
CM 22.3+2.6* 1.7+0.14* 153.6+9.6* 
CM+E 15.9+1.6¥ 3.15+0.28¥ 124.3+7.8*¥ 

 
Results are mean ± SD. 
C= control, E= Erythropoietin (4000IR/Kg ip), CM= contrast medium (6ml/kg IV), 
CM+E= contrast medium +Erythropoietin. SOD= Superoxide dismutase  ,  
MDA= Malondialdehyde  
* significant change in comparison to control group I. P≤ 0.05. 
¥ significant change in comparison to CM group III. P≤ 0.05. 
 
 

DISCUSSION 
 

Our results show that injection of 
the high osmolar contrast medium 
diatrizoate had no effect on the 
hematocrit value or the red blood cell 
count in the studied animals when 
compared to control group. However, 
the animals showed a significant 
reduction in GFR, a significant 
increase in BUN and serum creatinine.  

Thormoson and Morcos(21) 
suggest that particles of contrast 
material exert an osmotic force 
causing marked reduction of 
reabsorption of water and sodium 
from the tubules. Contrast medium 
induced natriuresis leads to 
stimulation of tubuloglomerular 
feedback (TGF) mechanism which 
will cause a reflex vasoconstriction of 
the afferent arterioles and reduction in 
the glomerular filtration rate (GFR) 

with subsequent changes in serum 
creatinine and blood urea nitrogen.  

Our results suggest that the 
injection of contrast medium leads to 
some form of systemic inflammatory 
response as manifested by increased 
release of tumor necrosis factor alpha 
as well as increased local production 
of superoxide radicals and activation 
of kidney apoptosis as manifested by 
increased kidney content of MDA an 
activation of caspase 3 enzyme. In 
addition, a direct toxic effect is also 
manifested as reduction of superoxide 
dismutase activity suggesting a 
decreased ability of the cell to fight 
against oxidative stress. 

Topraki et al.(13) also reported 
increased systemic and kidney 
oxidative stress following diatrizoate 
while Yano et al (22) and Tervahartiala 
et al(23) similarly reported the 
induction of apoptosis and activation 
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of caspase enzymes by radicontrast 
media in tubular cells. 

Erythropoietin injection in groups 
II did not result in any significant 
change in red cell count or hematocrit 
percent measured 72 hours after 
injection when compared to control 
group.  

Egrie et al.(24) have previously 
reported that recombinant 
erythropoietin does not show species 
boundary and its primary role 
involves prevention of programmed 
cell death (apoptosis) of erythrocyte 
precursors. Erythropoietin induces 
erythropoiesis by promoting 
proliferation and differentiation of 
erythroid progenitor cells with the 
main target cell being the colony-
forming unit erythroid (CFU-E)(25). 

However, such effect requires 
few weeks to appear in the circulation 
(26) and it is thus possible to rule out 
that any beneficial effect that might be 
encountered in our study is caused by 
improved tissue oxygenation due to 
increased red corpuscle mass and 
blood oxygen carrying capacity. 

The injection of erythropoietin 
before the injection of the contrast 
medium resulted in a significant 
improvement in the GFR in group IV 
when compared to group III (CM). 

Mitra et al.(14) suggest that while 
erythropoietin might not change renal 
blood flow, it might still affect GFR 
through a direct effect on glomerular 
membrane permeability or a 
counterbalancing decrease in 
glomerular afferent and increase in 
glomerular efferent arteriole 
resistance. 

Ruschitzka et al.(27) also 
suggested that erythropoietin can play 
a protective role in the cardiovascular 

system through increased endothelial 
nitric oxide synthetase (eNOS) 
expression, increased nitric oxide 
(NO) production, and NO-mediated 
vascular relaxation. This mechanism 
could possibly contribute to the 
regulation of the afferent arterioles in 
the glomeruli and help improve the 
GFR after contrast injection. 

Erythropoietin injection before 
the injection of the contrast medium 
resulted in a significant reduction of 
caspase 3 activity in group IV 
returning the levels almost to those 
encountered in the control group 

Jacobs et al. (28) explained that 
when a single molecule of 
erythropoietin binds its receptor, it 
activates JAK2, which in turn 
activates NF-kB resulting in increased 
expression of apoptosis inhibiting 
genes, such as XIAP and c-IAP2. 
Erythropoietin also inhibits various 
metabolic paths that are connected to 
cell death, such as those which are 
related to glycogen synthetase kinase 
3β (GSK3β), Bcl-2 associated death 
promoting protein (BAD) , caspase-9, 
etc   

Yukiyo et al.(29) also reported an 
increased expression of the protective 
heat shock protein 70 (HSP 70) in 
renal tubular cells one hour after 
injection of erythropoietin and 
suggested this increase can play an 
important role in the prevention of 
contrast medium–induced renal 
tubular  cell apoptosis. 

Erythropoietin injection prior to 
the injection of the contrast medium 
resulted in a significant reduction of 
systemic TNF-α when compared to 
group III receiving contrast medium 
alone. 
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Csiszar et al.(30)  have 
demonstrated that TNF- can induce 
oxidative stress by up-
regulating/activating NADPH oxidase, 
endothelial dysfunction, endothelial 

apoptosis, and up-regulation of 
proatherogenic inflammatory 

mediators, such as inducible nitric-
oxide synthetase (iNOS) and adhesion 
molecules. 

In the liver, Jaeschke et al.(31) 
implicated TNF-  but not IL-1αß in 
increased caspase activity and 
apoptosis and indicated that activation 
of the caspase 3 subfamily of cysteine 
proteases is critical for the 
development of parenchymal cell 
apoptosis. In addition, they have 
pointed that excessive hepatocellular 
apoptosis can be an important signal 
for transmigration of primed 
neutrophils sequestered in sinusoids 
promoting further necrosis of 
parenchymal cells. 

The demonstrated ability of 
erythropoietin in reducing TNF alpha 
production can therefore be expected 
to play an important role in preventing 
many of the cascading events that 
finally result in contrast induced 
nephropathy. 

Erythropoietin also resulted in a 
significant increase in superoxide 
dismutase activity, a finding which 
was also reported by Mitra et al.(14) in 
their assessment of the effect of 
erythropoietin on renal functions 
during endotoxamia. 

The oxidative state of a tissue is 
determined by the balance between 
the oxidative and antioxidative 
systems. Inside the kidney, such 
balance is maintained by the activities 
of oxidant enzymes such xanthine 
oxidase and NADH and NADPH-

dependent oxidases and the activities 
of anti-oxidant enzymes such as 
superoxide dismutase, catalase and 
glutathione peroxidase(32). 

Erythropoietin reduction of TNF 
alpha is expected to result in a 
reduction of oxidative enzymes 
activation(30) which in addition to 
increased activation of the anti-
oxidative enzyme activities can 
explain the reduction of lipid 
peroxidation and decreased MDA 
content that we reported in our 
experiment. 

In conclusion, we have 
demonstrated that one single injection 
of erythropoietin can provide a degree 
of renal protection against contrast 
induced nephropathy. Erythropoietin 
might modulate its effect on the renal 
tubular cells though a sequence of 
events that prevent excessive tubular 
injury by  reducing TNF alpha 
production which in turn would 
reduce activation of caspase 3 and 
reduction of apoptosis. Reduction of 
apoptosis reduces the signal for 
neutrophil transmigration and 
sequestration and offers protection for 
renal tubular cells against further 
necrosis. This effect of erythropoietin 
seems independent of its ability to 
improve oxygenation through 
increasing red cell mass.  

However, such novel effects of 
erythropoietin require further 
investigation to elucidate its bio-
molecular mediators and their 
applications in the high risk patients 
undergoing radio-contrast imaging.  
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تقييم تاثير ھرمون الاريثروبوتثن على حماية الخلايا الكلوية من تدھور 
  الوظائف المصاحب لاستخدام صبغات الاشعة فى ذكور فئران التجارب

  
  **، مى اسماعيل*مشيرة راتب 

  قسم الفسيولجيا، كلية طب القصر العينى، جامعة القاھرة*
  قسم الاشعة، مستشفى جامعة حلوان، جامعة حلوان**

  
تѧم فѧى . قد تم استخدام ھرمون الاريثروبوتين مѧن فتѧرات طويلѧة لعѧلاج الانيميѧا المصѧاحبة للفشѧل الكلѧوىل

الاونة الاخيرة اكتشاف العديد من الخواص الايجابيѧة لھѧذا الھرمѧون علѧى العديѧد مѧن الخلايѧا الاخѧرى مثѧل خلايѧا 
ھرمѧون الايرثروبѧوتن علѧى اضѧفاء الحمايѧة  و لذا فѧان الھѧدف مѧن ھѧذه الدراسѧة ھѧو تقيѧيم قѧدرة. الانابيب الكلوية

  .لخلايا الكلى من التاثير الضار للصبغات المتستخدمة فى التصوير الاشعاعى
فارا من ذكѧور فئѧران التجѧارب و تقسѧيمھا عشѧوائيا الѧى اربعѧة مجموعѧات ضѧمت كѧل  ٣٢لقد تم استخدام 
المجموعة الاولى ھى المجموعة الضابطة ، المجموعة الثانية تم حقنھا بجرعة واحدة مѧن . مجموعة ثمانية فئران

و المجموعة الرابعѧة تѧم ) كجم/ملليتر ٦(ھرمون الايرثروبوتين، المجموعة الثالثة تم حقنھا بصبغة اليوروجرافين
تѧѧم . مѧѧن ھرمѧѧون الايرثروبѧѧوتثن) اربعѧѧة الاف وحѧѧدة دوليѧѧة لكѧѧل كجѧѧم(حقنھѧѧا بالصѧѧبغة بعѧѧد حقنھѧѧا بجرعѧѧة واحѧѧدة 

بعѧد ثلاثѧة ايѧام مѧن الحقѧن، تѧم اخѧذ . تعريض كل المجموعات لحالة من الجفاف لمѧدة ثلاثѧة ايѧام قبѧل عمليѧة الحقѧن
يѧاس  مسѧتوى كريѧات الѧدم الحمѧراء وو وظѧائف الكلѧى و دلالات الالتھѧاب فѧى الѧدم  عينات من الدم و من الكلى لق

  .ودلالات موت الخلايا و الاكسدة  فى الانسجة فى كل المجموعات
لقد اظھرت النتائج ان حقن الصبغة فى الفئران ادى الى حدوث زيѧادة ملحوظѧة فѧى مسѧتوى الكريѧاتينين و 

ب زيادة فى مستوى معامل مѧوت الخلايѧا السѧرطانية فѧى الѧدم ،و زيѧادة نشѧاط  نيروجينات اليوريا فى الدم الى جان
  .انزيم الكاسبيز  و نقص فى الانزيمات المضادة للاكسدة فى انسجة الكلى بالمقارنة بالمجموعة الضابطة

حقن ھرمون الايرثربوتين قبل حقن الصبغة ادى الى تحسن ملحوظ فى وظائف الكلى و نقص ملحوظ فѧى 
دلالات الالتھѧاب فѧى الѧدم ودلالات الاكسѧدة و مѧوت الخلايѧا فѧى انسѧجة  الكلѧى عنѧد المقارنѧة بالمجموعѧة مستوى 

  .الثالثة التى تم حقنھا بالصبغة فقط
تؤكد نتائج ھذه الدراسة قدرة ھرمون الايرثربوتين على اضفاء نوع من الحماية لخلايѧا الكلѧى ضѧد التѧاثير 

عة و ان ھذه القدرة غير مرتبطة بقدرة الھرمون على زيادة عدد كريات الدم السلبى للصبغات المستخدمة فى الاش
  الحمراء

 


