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ABSTRACT 
The current study was designed to evaluate the modulatory effects of curcumin treatment 

on doxorubicin-induced nephrosis and cardiomyopathy in sprague-dawley rats. Intravenous 
administration of a single doxorubicin dose (7.5 mg/kg) induced apparent sings of nephrotoxicity 
and cardiomyopathy as manifested by marked deteriorations in both renal and cardiac parameters 
in association with significant changes in the histological structures of these tissues. Curcumin 
administration was remarkably able to mitigate the induced cardiac and kidney injuries. 
Moreover, it exhibited marked protective effects against such alterations.  These data suggest that 
curcumin may have a profound therapeutic potential against such toxic effects. 

 

INTRODUCTION  

Doxorubicin, an anthracycline antibiotic, represents an extremely effective class of 
chemotherapeutics that have been used for the treatment of numerous malignancies since decades 
(Ayla et al., 2011). Doxorubicin has been used as a frontline chemotherapeutic agent used in 
certain human cancers including breast cancer, lung carcinoma and acute leukaemia (Mansour et 
al., 1999). However, the clinical application of doxorubicin is limited by some of its critical side-
effects, the most important are cardiotoxicity, haematotoxicity and a dose-limiting nephrotoxicity 
(Venkatesan et al., 2000; Karagiannis et al., 2010). Although the exact physiological 
mechanisms underlying these doxorubicin-induced cytotoxicities are not yet fully elucidated, it is 
widely believed that the disturbance in oxidant-antioxidant systems may be strongly implicated in 
such injuries through several pathways including iron-dependent oxidative damage of biological 
macromolecules, membrane lipid peroxidation and protein oxidation (Ayla et al., 2011).  

The hypothesis was proposed that, if such induced alterations are related the oxidant-
antioxidant systems, then administration of the proper antioxidant therapy may greatly face 
against such injuries protect, or even treat, doxorubicin-related cytotoxicities.  

Curcumin [1,7-bis(4-hydroxy-3-methoxyphenyl)1, 6-heptadiene-3,5-dione], the principal 
curcuminoid of turmeric (a traditional spice used in Indian cookery), has been recognized to 
exhibit beneficial role in several neurodegenerative disorders as well as treatment of other 
diseases (Busquets et al., 2001; El-Sayed et al., 2011). For instance, its administration has been 
reported to possess wide-range of anti-inflammatory properties. It also reduces ischaemic renal 
injuries, prevents renal lesions in streptozotocin diabetic rats and provides protection against 
oxidative stress in renal cell lines (Venkatesan et al., 2000).  

Recent evidences indicate that crcumin exhibits this role through its antioxidant potential 
and its ability to protect against various oxidative stressors (Agrawal and Mishra 2010; 
Agrawal et al., 2010). Bearing all this in mind, the present study aimed to gain further insights in 
the modulatory effects of crcumin against doxorubicin-induced nephrotoxicity and cardiotoxicity 
in a Sprague-Dawley rat model.  
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MATERIALS AND METHODS 

Materials: 

Doxorubicin hydrochloride was purchased from Yick-Vic Chemicals & Pharmaceuticals 
(China), curcumin was purchased from Sigma-Aldrich Chemie GmbH (Germany), Sodium 
carboxy methyl cellulose was purchased from DOW Chemical Company (USA), Tween-80 was 
purchased from Sigma-Aldrich Chemical Co., (MO). All other chemicals and solvents were of 
analytical grade commercially available. 

Methods: 

Experimental design: 

All experiments were performed using 50 healthy male Sprague-Dawley rats (275 ± 10g) 
obtained from from El-Neil Pharmaceutical Company, Cairo, Egypt. The animals were kept in a 
regulated environment (temperature, 22 ± 1°C; humidity, 50 ± 5%; night/day cycle, 12hr) with 
free access to food and water ad libitum. Seven days subsequent to acclimatization of the 
animals, 30 rats were injected intravenously with a single dose of doxorubicin (7.5 mg/kg body 
weight dissolved in 0.1mL sterile normal saline) via tail vein (Pippin et al., 2009). These 30 
animals were randomly divided into three groups of 10 animals each. The rats in group I were 
received doxorubicin only as formerly described.  The rats in group II were received curcumin 
(300 mg/kg, orally) in a vehicle consisting of a mixture of 1% sodium carboxy methyl cellulose 
and 1% Tween-80 as a protective dose, 7 days before doxorubicin injection and daily thereafter 
throughout the study (Thiyagarajan and Sharma 2004; Isik et al., 2009). The rats in group III 
were received a daily dose of curcumin (300 mg/kg, orally) 10 days after doxorubicin injection 
for 10 days.  The remaining 20 animals, that did not subjected to any doxorubicin administration, 
were subdivided into two groups of 10 animals each. Rats in group IV (curcumin group) were 
received a daily dose of curcumin (300 mg/kg, orally) from the first day of the experiment. Rats 
in group V (control group) were received a vehicle of a mixture of 1% sodium carboxy methyl 
cellulose and 1% Tween-80 and therefore served as a negative control group. Animal weights 
were recorded every other day throughout the experimental period.    

One day before the experiment termination, each animal was kept in individual metabolic 
cages for 24 hr urine collection. The collected urine samples were centrifuged to remove cells 
and particulate material and then stored in a –20°C for subsequent evaluation of the urinary 
biochemical parameters. On the termination day, animals were sacrificed after being fasted for 12 
hours. Blood samples were collected from all animals for serum and plasma preparation which 
were stored at –20°C. Additionally, heart and both kidneys of each animal were resected, wet 
weights and volumes were determined and divided into two parts. The first part was stored in 
formalin (10%) solution and subjected for histopathological examination and the second part was 
snap-frozen and stored appropriately at -80°C.  

Analytical methods: 

Serum creatinine content was assayed by kinetic procedure using the kit provided from 
Human Diagnostic (Germany). Blood urea nitrogen (BUN) level was assayed by colorimetric 
procedure using the kit provided from Biomerieux Sa (France). Serum Cystatin C contents was 
assayed by the radioimmunoassay procedure using the kit provided from R&D Systems

®
 Inc. 

(USA). Plasma and urine osteopontin levels were assayed by radioimmunoassay procedure using 
the kit provided from R&D Systems

®
 Inc. (USA). Total proteins contents were assayed by 

colorimetric procedure using the kits provided from Randox Laboratories Limited (UK). Serum 
creatine kinase MB (CK-MB), lactate dehydrogenase (LDH) and aspartate 
aminotransferase (AST) activities were measured by kinetic procedure using the kits provided 
from Reactivos GPL Barcelona (Spain). Malondialdehyde (MDA) contents, as a measure of lipid 
peroxidation, was spectrophotometrically measured in the renal and myocardial tissues at 532nm 
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using the thiobarbituric acid assay (Ohkawa et al., 1979). Levels were calculated as nmol/mg 
protein, while tissue proteins were determined according to the method of Lowry et al. using 
turbidity blank for each sample, consisting of kidney and heart homogenates added to the reagent 
blank (Lowry et al., 1951). Tissue levels of reduced glutathione (GSH) were measured 
spectrophotometrically at 412nm using Ellman assay method (Ellman and Lysko 1967). Levels 
were calculated as nmol/mg protein. Superoxide dismutase (SOD) activity in renal and 
myocardial tissues were measured using the xanthine oxidase method as described by Sun et al. 
(Sun et al., 1989). Levels were calculated as U/mg protein.  

Histological examination 

For histopathological examination, cardiac and renal samples were fixed in 10% formalin, 
routinely stained with hematoxylin and eosin (H&E) and examined through an electric light 
microscope. 

Statistical analysis  

Statistical analyses of the data were carried out using GraphPad prism version 5.0. Data 
comparisons were performed using analysis of variance (ANOVA). The levels of significance 
were accepted with p < 0.05 and all relevant results were graphically displayed as mean  SEM. 

 
RESULTS AND DISCUSSION 

There is no doubt that the therapeutic application of doxorubicin as one of the most 
effective chemotherapeutic agents is seriously limited by the development of several side effects 
including mainly nephro- and cardiotoxicities. Among followed strategies to attenuate 
doxorubicin toxicities are dose optimization, synthesis and use of analogues or combined therapy 
with antioxidants in order to reduce oxidative stress without interference with its antitumor 
properties (Quiles et al., 2002; El-Sayed et al., 2011). As an example, dexrazoxane, a synthetic 
antioxidant drug, has been indicated for clinical use in conjunction with doxorubicin to alleviate 
cardiotoxicity (El-Sayed et al., 2011). Despite its usefulness, dexrazoxane use is often limited by 
its interference with the antitumor efficacy of the regimen. Alternatively,  certain naturally 
occurring substances became a focus of interest to play key roles in this indication with minimal 
or no side effects (El-Sayed et al., 2011).  Consequently, our study was designed to examine the 
beneficial role of curcumin to ameliorate the renal and cardiac toxicities of doxorubicin since it is 
one of the well known and commonly used natural antioxidants in the traditional medicine.   

Our results have shown that intravenous administration of doxorubicin produced several 
signs of toxicity as were manifested for example by significant decrease in body weight gain (p < 
0.05) in comparison to the healthy animals in the control group (see Table 1). This significant 
retardation in the animal body weights could be related to the direct toxic effects of doxorubicin 
on the animal intestinal mucosa as well as the indirect action on the gastrointestinal tract arising 
from reduced food intake causing a decrease in secretion of internal hormones and resulting in 
decreased trophic effects to the mucosa (Herman et al., 2000). As observed in Table 1, curcumin 
administration in the treated group and its co-administration in the protected group apparently 
attenuated doxorubicin-induced decrease in body weight with a minor superiority to the 
protection protocol over the treatment strategy.  
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Table 1. Effect of curcumin on doxorubicin-induced changes in body weight, heart weight, heart 

weight to body weight percentage, kidney weight and kidney weight to body weight 

percentage. 

Parameter 

Groups 

Control Doxorubicin Curcumin Treated Protected 

Body weight (g) 314.60 ± 18.29 240.00 ± 20.55 
†
 325.40 ± 17.76*

 
275.60 ± 22.66

NS
 285.60 ± 15.40

 NS
 

Kidney weight (g) 2.25 ± 0.10 1.53 ± 0.12
 †† 

2.33 ± 0.11
 
**

 
1.94 ± 0.09

 
*

, ‡
 2.17 ± 0.09

 
** 

Heart weight (g) 2.34 ± 0.08 1.57 ± 0.09
 ††† 

2.32 ± 0.08
 
***

 
2.04 ± 0.09

  †, 
**

 
2.18 ± 0.10

 
**

 

Kidney:body 
weight ratio x 10

3
 

7.36 ± 0.09 6.10 ± 0.10
 †††

 7.37 ± 0.10
 
*** 7.04 ± 0.11

 
***

 
7.16 ± 0.11

 
*** 

Heart:body weight 
ratio x 10

3
 

7.42 ± 0.10 5.97 ± 0.11
 ††† 

7.47 ± 0.11
 
*** 7.15 ± 0.09

 
*** 7.23 ± 0.10

 
*** 

Data are presented as mean ± SEM (n = 10). †, *, ‡ and § indicate significant change from 

control group, doxorubicin group, curcumin group and treated group respectively, where NS 

indicates no significant difference. †, *, ‡ and § indicate significant change at P < 0.05; ††, **, ‡‡ 

and §§ indicate significant change at p < 0.01; †††, ***, ‡‡‡ and §§§ indicate significant change 

at p < 0.001,  
 

In respect to nephrotoxicity, it was clearly observed in our study that doxorubicin 
administration caused severe defects in the overall renal properties and functions. For instance, 
both the kidney weight and the ratio of kidney weight/body weight percentage were significantly 
lower in the doxorubicin group than in the control group (p < 0.01) as seen in Table 1. These 
unhealthy observations were unnoticed in the two groups that received curcumin either as a 
curative or as protective agent. In the treated group both the kidney weight and its ratio were 
increased significantly with respective p-values of (p < 0.05) and (p < 0.001) in comparison to the 
doxorubicin-treated group. In the protected group, curcumin co-administration produced 
significant increase in both the kidney weight (p < 0.01) and ratio (p < 0.001) in comparison to 
the doxorubicin-treated group as shown in Table 1.  

Additional evidences that support these results were presented by the outcome of the 
biochemical indices of renal functions and histological examination of the kidney tissues which 
confirmed to a large extent the beneficial role of curcumin in withstanding against the 
doxorubicin-induced nephrotoxicity. On one hand, compared to the healthy animals of the control 
group, animals in the doxorubicin group suffered from marked indications of nephropathy  
including significant elevations in the serum Cystatin C levels (p < 0.001), serum creatinine 
levels (p < 0.001), circulatory BUN levels (p < 0.001) as well as plasma osteopontin levels (p < 
0.001). Moreover, severe proteinuria was pronounced in the urine of these animals with a 
significant increase (p < 0.001) in the excreted amounts of urinary proteins. As another marker of 
glomerular affection, a significant increase in the urinary Osteopontin excretion (p < 0.001) was 
conspicuous in the doxorubicin group in comparison to the control group (see Figure 1). All these 
drawbacks are in consistent with observations of several other studies and were attributed to the 
direct toxicities of doxorubicin towards the renal tissues (Zhang et al., 2007; Cecen et al., 2011). 
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Figure 1. Effects of curcumin on doxorubicin-induced changes in the renal function biochemical 

indices. Data are presented as mean ± SEM (n = 10). †, *, ‡ and § indicate significant 

change from control group, doxorubicin group, curcumin group and treated group 

respectively. †, *, ‡ and § indicate significant change at p < 0.05; ††, **, ‡‡ and §§ 

indicate significant change at p< 0.01; †††, ***, ‡‡‡ and §§§ indicate significant 

change at p< 0.001,  
 

On the other hand and conversely to the doxorubicin group, curcumin administration 

attained significant improvements in the levels of these renal functions in both the treated and 

protected groups. As seen in Table 1 and Figure 1, serum Cystatin C levels were significantly 

decreased in both the treated (p < 0.001) and protected group (p < 0.001) and matched its 

corresponding levels in the healthy control group. Also, the serum creatinine levels were 



Az. J. Pharm Sci. Vol. 45, March, 2012 490 

significantly reduced in both the treated (p < 0.001) and protected group (p < 0.001). Moreover, 

the circulatory levels of BUN were significantly normalized in both the treated (p < 0.001) and 

the protected (p < 0.001) group without any significant differences between any of them over the 

healthy control group. Furthermore, plasma levels of osteopontin, a marker of kidney injury and 

tissue remodeling, were significantly lower after protection (p < 0.001) or treatment (p < 0.001) 

with curcumin to correspond ideally to the osteopontin levels in the healthy control group.  

In another confirmation for its modulatory actions, curcumin therapy was able to 

significantly ameliorate the doxorubicin accompanied proteinuria in both the treated and 

protected group. Additional substantiation for the ability of curcumin to repair the defect in the 

glomerular filtration was presented by the significant reduction in the urinary osteopontin 

excretion subsequent to curcumin co-administration in the protected group (p < 0.001) and 

Curcumin administration in the treated group (p < 0.001) (see Figure 1).  

In the current study, evaluation of the oxidant antioxidant system introduced an additional 

proof for the usefulness of curcumin to modulate the doxorubicin-induced toxicities since 

kidneys exposed to doxorubicin alone showed aggravated signs of lipid peroxidation and 

oxidative stress. As shown in Figure 2, the kidneys of the animals in doxorubicin group exhibited 

marked imbalance in indices of lipid peroxidation as evaluated by a significant formation of 

thiobarbituric acid reactive substance, i. e., MDA (p < 0.001) with significant reductions in both 

the content of reduced GSH (p < 0.001) as well as the activity of SOD (p < 0.001) in comparison 

to the healthy animals in the control group.  

In this context, curcumin was deservedly able to calm down this oxidative stress 

revolution and significantly reduced the MDA levels in both the treated (p < 0.001) and protected 

group (p < 0.001) in comparison to the doxorubicin group. Similarly, it was able to significantly 

refresh the doxorubicin-induced decreases in the GSH content and the SOD activity in the kidney 

tissues of both the treated (p < 0.001) and protected group (p < 0.001). These observations are in 

harmonization with several other studies that reported similar results and claimed that the 

presence of phenolic groups in the structure of curcumin is fundamental to explain its ability to 

act as a potent free radical scavenger to eliminate oxygen free radicals from the medium and that 

methoxy groups increase this activity. Besides, the phenolic moiety of the curcumin structure can 

donate hydrogen atoms to deleterious oxy radicals and form the less reactive phenoxy radicals in 

the process (Sreejayan and Rao 1997; Arora et al., 1998; El-Sayed et al., 2011).  

Histological examinations of kidney tissues presented another strong testimony for 

curcumin modulatory effects to decrease the doxorubicin-induced nephrotoxicity. While, 

doxorubicin-adminstration induced apparent tissue alteration in the doxorubicin group in the 

form of focal inflammatory cells infiltration in the cortical portion, curcumin administration, on 

the other hand, resulted in absence of any histopathlogical alteration in the renal tissues of both 

the treated and protected group with normal histological structure of the glomeruli and tubules at 

the cortex as recorded in (Figure 3). The resultant histopathological pictures obtained after 

curcumin therapy were approximately identical to those observed in the renal tissues of the 

control group (Figure 3). This curcumin-forced attenuation of interstitial inflammation and other 

renal injuries could be considered as a secondary result for the inhibition of the doxorubicin 

induced-proteinuria (Okuda et al., 1986; Venkatesan et al., 2000). 
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Figure 2. Effects of curcumin on doxorubicin-induced changes in the parameters of oxidative 

stress in both cardiac and renal tissue homogenates. Data are presented as mean ± 

SEM (n = 10). †, *, ‡ and § indicate significant change from control group, 

doxorubicin group, curcumin group and treated group respectively. †, *, ‡ and § 

indicate significant change at p< 0.05; ††, **, ‡‡ and §§ indicate significant change at 

p< 0.01; †††, ***, ‡‡‡ and §§§ indicate significant change at p< 0.001. 
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Figure 3. Effects of curcumin on doxorubicin-induced Histopathological changes in both cardiac and 

renal tissues. Kidney tissues in the control group [A] showed normal histological structure of 
the glomeruli (g) and tubules (t) at the cortex. Conversely, kidney tissues in the doxorubicin 
group [B] showed focal inflammatory cells infiltration (m) in the cortical portion. Kidneys of 
the treated [C] and protected groups [D] showed intact normal histological structure of the 
glomeruli (g) and tubules (t).  Heart muscles in the control group [E] showed normal 
histopathlogical structure of the myocardial bundles (my). On the other hand, heart muscles in 
the doxorubicin group [F] showed apparent oedema (O) that was dispersed the hyalinized (h) 
myocardial bundles. Intermittingly, the cardiac tissues of both the treated [G] and protected 
groups [H] showed intact histological structure of the myocardium (my). 
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Of note that, in all the aforementioned results, the modulatory effects of curcumin were 

more pronounced in the protected group over the treated group. The treated group showed low 

levels of significance than the protected group in comparison to the doxorubicin group.  The only 

recorded significant superiority of the protected group over the treated group was obvious when 

curcumin administration in the treated group was significantly (p < 0.05) less efficient to 

overcome the urine osteopontin leakage than after curcumin co-administration in the protected 

group (p < 0.05).  

With regard to cardiotoxicity, doxorubicin administration in the current study was 

implicated in several indicators of cardiac dysfunction that were manifested by significantly 

excessive increase in the activities of the most specific highly sensitive markers for myocardial 

cell injury, i. e., serum CK-MB (p < 0.001), LDH (p < 0.001) and AST (p < 0.001) in comparison 

to the healthy animals of the control group. As well, both the heart weight and the ratio of heart 

weight/body weight percentage were significantly decreased in the doxorubicin-treated group 

than in the control group (p < 0.001) and (p < 0.001) respectively indicating severe dysfunctions 

in cardiac performance (see Table 1). These doxorubicin-induced cardiac tissue damages are in 

agreement with some other result that were reported by several investigators (Venkatesan 1998; 

Abd-Allah et al., 2002; Bertinchant et al., 2003; Abd El-Gawad and El-Sawalhi 2004; 

Kelishomi et al., 2008).  

The mechanism for this excessive changes and cardiac enzymes leakage seems to be from 

ventricular remodeling, ongoing myocyte degeneration and oxidative damage of doxorubicin to 

cardiac tissue with a subsequent release of its contents into circulation (DeAtley et al., 1999; 

Potluri et al., 2004; El-Sayed et al., 2011). This hypothesis is strongly supported by our finding 

that doxorubicin administration in doxorubicin group caused extreme elevations in the lipid 

peroxidation and markers of oxidative stress in myocardium tissues. As shown in Figure 2, 

intravenous doxorubicin injection resulted in a significant increase of MDA levels (p < 0.001) in 

comparison to the healthy control group. Additionally, cardiac GSH content and SOD activity in 

the heart muscle homogenates were significantly suppressed by doxorubicin administration.  

On the contrary, curcumin administration in the treated group produced significant 

increase in both the heart weight (p < 0.05) and its ratio (p < 0.001) in comparison to the 

doxorubicin group. In the protected group, the improvements were more pronounced where 

curcumin co-administration produced significant increases in both the heart weight (p < 0.01) and 

its ratio (p < 0.001) in comparison to the doxorubicin group without any significant differences 

with the control group as shown in Table 1. Likewise, curcumin was found to remarkably 

attenuate the elevated levels of CK-MB (p < 0.001), LDH (p < 0.001) and AST (p < 0.001) as 

well as increasing the heart weight (p < 0.05) and its ratio (p < 0.001) in both the treated and 

protected groups in comparison to the doxorubicin group (see Figure 4). In the same respect, 

curcumin was able to significantly normalize the induced lipid peroxidation state in the 

myocardium whereas the heart muscle homogenates of both the treated and protected groups 

showed significantly lower levels of MDA (p < 0.001) and significantly higher levels of both the 

GSH content (p < 0.001) and SOD activity (p < 0.001) in comparison to the doxorubicin group 

(see Figure 2). These indicators of the curcumin-improved cardiomyopathy are in consistent with 

the results of other previous investigations (Wattanapitayakul et al., 2005; Srivastava and 

Mehta 2009).  
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Figure 4. Effects of curcumin on doxorubicin-induced changes in the biochemical indices of 

myocardial dysfunction. Data are presented as mean ± SEM (n = 10). †, *, ‡ and § 

indicate significant change from control group, doxorubicin group, curcumin group and 

treated group respectively. †, *, ‡ and § indicate significant change at p< 0.05; ††, **, 

‡‡ and §§ indicate significant change at p< 0.01; †††, ***, ‡‡‡ and §§§ indicate 

significant change at p< 0.001. 

 
A possible explanation for these modulations could be the ability of curcumin to increase 

the cardiac glutathione content, suggesting that it may augment the action of these naturally 

occurring sulphhydryl groups to maintain membrane integrity with concomitant decrease of 

enzymes leakage from the cardiolcytes, protection of cardiac tissue from damage, and 

improvement survival of the animals (Venkatesan 1998). While the cardiac dysfunction 

associated with doxorubicin is attributable, at least in part, to cardiac cell apoptosis resulted from 

reactive oxygen species (ROS) produced by doxorubicin, some researchers have reported that 

agents which scavenge ROS protect against doxorubicin induced cardiac apoptosis 

(Kalyanaraman et al., 2002; Konorev et al., 2002). However, the majority of authors dealing 

with this problem considered that cardiomyopathy and nephropathy make the most important 

contribution to the mortality (Herman et al., 2000). 

Evidences for the cardio-protective effects of curcumin are seriously augmented by our 

obtained histopathological investigation outcome which revealed that doxorubicin administration 

in the doxorubicin group leaded to hyalinization in the myocardium with oedema that was 
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dispersed in between the bundles. These changes were neither observed in the control group nor 

in the treated or protected groups after curcumin administration that showed intact myocardium 

structures with no histopathlogical alterations in the myocardial bundles as recorded in (see 

Figure 3).  

It is obvious that, the efficiency of post problematic curcumin administration in the 

treated group was lower than the efficiency of curcumin co-administration in the protected group 

but this difference was out of any statistical significance. 

 

CONCLUSIONS 

Results of the present study concluded that curcumin has multiple modulatory activities 

that are beneficial to protect against doxorubicin-induced toxicities to the rat kidney and heart. 

Therefore, its administration could be suggested as a supportive care agent during or before 

starting anti-cancer treatment especially containing doxorubicin. Further studies are needed in the 

clinical setting to determine the appropriate combination of curcumin with doxorubicin to reduce 

doxorubicin-induced toxicities. 
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دوكسوروبيسيه إعتلال الكلى وعضلة القلب الىبجميه عه تعبطي عقبر ال في مقبومة فبعلية الكركميه تقييم

 وموذج الفئرانفي 

 1
- بخيت القظ مصطفى

2
 إبراهيم مىصورمحمد  أحمد

 1
 أسٍْط –صبهؼت الاصُش  -كلٍت الصٍذلت  -قسن الكٍوٍبء الحٌٍْت 

2
 القبُشة –صبهؼت الأصُش  - كلٍت الصٍذلت -قسن ػلن الأدٌّت ّالسوْم 

 

الأدٌّت الكٍوبٌّت الأكزش شٍْػبً فً الؼذٌذ هي بلذاى الؼبلن ّالزي ٌخن  أكزش اًْاع هي ذّكسْسّبٍسٍيػقبس الٌؼخبش 

الإسخفبدة الوزلى هي ُزا الؼلاس الكٍوبّي الخقلٍذي  ّهي الوؤسف أى. الأّسام الخبٍزتإسخخذاهَ كخٍبس حقلٍذي لوْاصِت الؼذٌذ هي 

الكلى ّالقل  ّرلك ًظشاً لقذسحَ الفبئقت ػلى إطلاق حضا  قبرشة بسب  سموٍخَ الْاححت لوخخلف أػابء الضسن ّبخبرت لا

 البحذ احن حصوٍن ُزإحذاد خلل كبٍش فً الخْاصى بٍي هسخٌْبث ُزٍ الشقْق الحشة ّهابداث الأكسذة. ّقذ ّالشقْق الحشة 

الأربس السلبٍت الٌبصوت هي حؼبطً ػقبس  ّػلاسهي  ْقبئٍتبٍؼٍت الوابدة للأكسذة فً الكأحذ الوشكببث الط فبػلٍت الكشكوٍي لخقٍٍن

هلغ  5.7) ةّاحذ صشػت ًوْرس الفئشاى. ّأّححج الٌخبئش أى حؼبطًفً  ّبخبرت إػخلا  الكلى ّػالت القل  ذّكسْسّبٍسٍيال

حسببج فً  إحذاد إػخلا  ّاحح فً ّظبئف الكلى ّالقل  فً هضوْػت الفئشاى الخً حٌبّلج  ذّكسْسّبٍسٍيهي ػقبس ال / كلغ(

الؼقبس ّلن حخاغ لأي ػلاس. كوب أظِشث الٌخبئش أى حؼبطً صشػبث ّقبئٍت ّػلاصٍت هي هشك  الكشكوٍي قذ أحذرج ححسٌبً 

ئشاى الصحٍحت ببلوحوْػت الاببطت. ّهي الْاحح هلحْظبً فً ّظبئف ُزٍ الأػابء بوب ٌخوبشى هغ هسخٌْبحِب الطبٍؼٍت فً الف

حن سرذٍ بشكل أكزش ّحْحبً فً الذساست البٍْكٍوٍبئٍت ّالٌسٍضٍت الوسخخذهت فً الخقٍٍن  أى الخحسي فً هسخٌْبث ػْاهل

حسي لن هحوْػت الفئشاى الخً حٌبّلج الكشكوٍي بشكل ّقبئً ػي هزٍلخِب الخً ػْلضج بَ بؼذ إحذاد الإػخلا  إلا أى ُزا الخ

بٍي الوضوْػخٍي الخبحؼخٍي لخٌبّ  الكشكوٍي. ّهي رن فئى حؼبطً الكشكوٍي بشكل ّقبئً قبل البذء  إحصبئٍتٌظِش أي دلالاث 

الكٍوبّي قذ ٌؤدي الى الؼذٌذ هي الفْائذ ػلاصٍت الخً حكوي فً حضٌ  الكزٍش هي السوٍبث  ذّكسْسّبٍسٍيفً صشػبث ػقبس ال

 س ّبخبرت إػخلا  الكلى ّػالت القل .الٌبحضت هي حؼبطً ُزا الؼقب

  
 


