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Potassium bromate (KBrO3) is used in many countries in cosmetic and food 

industries. In this research, we study the possible renoprotective effect of curcumin 

(CUR) and bone marrow meschenymal stem cells (BM-MSCs) on the actions of 

KBrO3 in female rats. Thirty two female rats were categorized into four group, the 

first work as control, the second was exposed to KBrO3 (100 mg/kg/day for 28 days 

in drinking water), the third and fourth where exposed to KBrO3 like group 2 and 

co-treated with either CUR (100mg/kg, ip) twice a week or BM-MSCs (2x10
6
, ip for 

each rat) once a week for 4 weeks, respectively. Kidney function and oxidative 

stress parameters were measured calorimetrically in plasma. Expression of 

caspase-3 in kidney by real time PCR was measured by the comparative Ct 

(2-ΔΔCt) method. Apoptosis in kidney was evaluated by TUNNEL assay. The 

results indicated that treatment with KBrO3 caused nephrotoxicity, as evident by 

the measured renal structural and functional indices and oxidative stress markers 

in plasma. CUR and BM-MSCs co-treatment significantly abated most of the 

indices and biomarkers of the renal toxicity caused by KBrO3, suggesting their 

beneficial effects with the priority of CUR due to their antioxidant effect. 

 

INTRODUCTION 

Kidneys are vital tissues that clean the blood from toxins and 

metabolic wastes and maintain homeostasis. Various environmental 

agents may impact kidney functions.
  

Potassium bromate (KBrO3) is an 

oxidizing agent that is commonly used in cosmetic products and as food 

additive caused nephrotoxicity due to its ability to trigger the production 

of reactive oxygen species (ROS) (Kurokawa et al., 1987; Spassova et 
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al., 2015). The oxidative stress induced by KBrO3 far exceeds the cellular 

antioxidative defense capacity leading to marked nephrotoxicity in 

humans and animals. Hence, several authors investigated the oxidative 

injuries and probable mechanism of KBrO3-induced nephrotoxicity in 

experimental models (Deangelo et al., 1998, Murata et al., 2001, Ali et 

al., 2018).  

A number of studies have demonstrated that stem cells can prevent and 

repair damage to renal tubular cells induced by chemicals such as 

cisplatin (Shaohua and Dongcheng, 2013), glycerol (Herrera et al., 

2004), and KBrO3 (Ali et al., 2018). Mesenchymal stem cells (MSCs) are 

multipotent stem cells that have the potential to self-renew and 

differentiate into a variety of specialised cell types (Sanchez-Ramos, 

2002). MSCs are easily accessible, expandable, immune-suppressive and 

they do not elicit immediate immune responses (Kassem and Abdallah, 

2008). Therefore, MSCs are an attractive cell source for tissue 

engineering and vehicles of cell therapy. Bone marrow (BM) is the most 

common source of MSCs from many species including mouse, rat, rabbit, 

dog, sheep, pig, and human (Meirelles and Nardi, 2003). Many authors 

used BM-MSCs to treat acute kidney injury in animal models and have 

found that renal function and structure can be improved by infusion with 

BM-MSCs (Yadav et al., 2012; Morigi and Benigni, 20013). For 

example BM-MSCs partially protect cisplatin-treated rats from acute 

renal injury by inhibiting tubular cell apoptosis (Shaohua and 

Dongcheng, 2013).  

Despite evidence for the therapeutic potential of BM-MSCs, the 

mechanisms underlying the improvement in kidney function and structure 

remain unclear. Therefore, the search for safe and effective synthetic 

and/or naturally occurring ROS scavengers and antioxidants is of major 

clinical importance.  Curcumin and related compounds have the ability to 

inhibit free radical generation and act as a free radical scavengers and 

antioxidants (Daniel et al., 2004). Moreover, CUR reduces inflammation 

related factors (Sun et al., 2017), suppress cancer cell growth by 

interfering with the tumor cell cycle (Schwertheim et al., 2017) and 

inhibits tumor cell invasion through regulation of growth factors and their 
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receptors (Bachmeier et al., 2018).  Therefore, the present study was 

carried out to insight into the preventive role of CUR supplementation 

and BM-MSCs on nephrotoxicity induced by KBrO3 in female rats. 

MATERIALS AND METHODS 

Animals: 

In this study, thirty two female albino rats with weight 120-150 gm 

were purchased from and housed in Animal house, Faculty of Medicine, 

Assiut University in according to the Assiut University animal 

experimental regulations. Animals were fed with standard rat chow and 

tap water ad libitum in a well-ventilated room with a 12:12-hour 

light/dark cycle at 30°C. All efforts were made to minimize animal 

suffering. 

BM-MSC preparation, isolation and culture: 

This process was performed at the tissue culture and molecular 

biology center of Assiut University. Tibia and fibula bone marrow was 

flushed out with phosphate-buffered saline (PBS) containing 2 mM 

EDTA for isolation of BM-MSCs. Then, 35 ml of the sample was layered 

carefully on 15 ml Ficoll-Paque (Gibco-Invitrogen, Grand Island, NY), 

centrifuged for 35 min at 400×g, and the superior layer was aspirated 

without disturbing the mononuclear cell layer at the interphase. Then, the 

mononuclear cell layer was removed, washed twice with PBS, and 

centrifuged at 200×g at 10°C for 10 min. The cell pellet was re-suspended 

in 300μl PBS-EDTA buffer and the isolated BM-MSCs were cultured in 

25-ml culture flasks in minimal essential medium (MEM) supplemented 

with 15% fetal bovine serum (FBS) and incubated for 2 h at 37°C with 

5% humidified CO2. Lastly, a culture of adherent MSCs was maintained 

in MEM augmented with 30% FBS, 0.5% penicillin and streptomycin at 

37°C with 5% CO2 and air (Abdel Aziz et al., 2010). The mesenchymal 

population was isolated on the basis of its ability to adhere to the bottom 

of the flask according to Bayati et al. (2013). 
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EXPERIMENTAL DESIGN 

The animals were randomly divided into 4 groups as follows (n=8 

in each group):  

Group 1: Treated with the vehicle as control group.  

Group 2: Supplemented with KBrO3 for 4 weeks with 100mg/kg body 

weight in drinking tap water according to Badreldin et al. (2018).  

Group 3: Supplemented with KBrO3 like group 2 in addition to treatment 

with CUR (100 mg/k.g body weight, orally) according to Sinha et al. 

(2012) twice a week for 4 weeks.  

Group 4: Supplemented with KBrO3 like group 2 in addition to treatment 

with BM-MSCs (2x10
6
, ip for each rat) once a week for 4 weeks 

according to Idriss et al. (2018). 

Collection of samples: 

At the end of the experiments, the animals of each group were killed 

by decapitation. Blood samples from the rats were collected in 

heparinized vials and their kidneys were removed. Kidney from each rat 

was quickly removed, washed in a saline solution (0.9%NaCl). For 

histopathological investigation and immunohistochemical staining, one 

kidney was fixed immediately in 10 % neutral buffered formalin, 

dehydrated, cleared, embedded in paraffin wax blocks. Sections were de-

waxed in xylene and hydrated in a graded series of alcohols and stained 

for hematoxalin and eosin and Masson's trichrome (Drury and 

Wallington, 1980). TUNEL assay was done to check apoptosis in 5–7-

µm paraffin embedded kidney (Ahmed et al., 2015) according to the 

manufacturer’s protocol (In Situ Cell Death Detection Kit, POD; Roche 

Diagnostics GmbH, Germany).  Small pieces of kidney were kept 

frozen for determination the gene expression of caspase by PCR. Serum 

was used to estimate Kidney function and oxidative stress parameters by 

using a UV-visible spectrophotometer in the Physiology Lab at Zoology 

Department, Faculty of Science, Assiut University, Assiut.   

Oxidative stress parameters: 

Malondialdehyde (MDA), the product of lipid peroxidation (LPO) was 

estimated according to Ohkawa et al. (1979). NO was measured as nitrite 

concentration using the method of Ding et al. (1988). GSH content was 

http://ascidatabase.com/author.php?author=Surajit&last=Sinha
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determined according to Beutler et al. (1963). The activity of SOD was 

determined according to its ability to inhibit the autoxidation of 

epinephrine at alkaline medium according to the method of Misra and 

Fridovich (1972). The activity of CAT was determined based on its 

ability to decompose H2O2 according to Luck (1963). Total antioxidant 

capacity was determined by colorimetric method by kit purchased from 

Biodiagnostic for diagnostic research reagents Cat No. TA 25 13.  

Gene expression of caspase-3 by PCR: 

Kidney samples are collected for RNA extraction using triazole kit. 

The concentration and ratio are determined using spectro star nano BMG 

lab tech. Reverse transcription is done using reverse transcription kit and 

biorad T100 thermal cycler.  The 35 cycles of PCR were performed at 

94°C for 30 s, 64°C for 60 s and 72°C for 60s, and final cycle of 72°C for 

10min. Quantitative determination of gene expression of caspase-s is 

done using step one plus real time PCR with thermal profile (60ºc for 30 

sec, 95ºc for 10 min, 95ºc for 15 sec, 60ºc for 90 sec) in the tissue culture 

and molecular biology center of Assiut University.  Changes in gene 

expression were normalized relative to the mean critical threshold value 

of the GAPDH housekeeping gene. Fold change is calculated according to 

equation 2^(-ddCt)  (Idriss et al., 2018)  

Statistical analysis: 

Collected data were organized, tabulated, and analyzed by Prism 

software statistical computer package version 6 (GraphPad Software, San 

Diego, CA). Mean and standard deviation (SD) were calculated; one-way 

analysis of variance (ANOVA) was used to examine differences among 

the groups. Significance was set at P ˂ 0.05 

RESULTS 

Biochemical parameters: 

As shown in Table (1) exposure of rats to KBrO3 induced a 

significant increase in BUN, creatinine and uric acid in plasma, however 

co-treatment with either CUR or BM-MSCs results in restoration of the 

previous changes.  Table (2) showed that there was a significant 

difference in oxidative stress parmaters among the four studied groups. In 
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comparison with normal rats, KBrO3 group exhibited the highest level of 

LPO and NO, and the lowest values of TAC, GSH, Vit C and E and the 

activities of SOD and CAT. However, CUR and BM-MSCs group 

showed close value to control group.  Table (3) showed the fold of change 

in casapase-3 expression in the kidney tissue which indicates two fold 

increases in KBrO3 and KBrO3 treated with BM-MSCs groups, however 

there a huge increase in the KBrO3 treated with CUR group in 

comparison with control group.     

Histological observation: 

Examination of kidney of control rat showed normal histological structure 

of glomeruli and renal tubules (A). Kidney of rat treated with KBrO3 showed 

necrosis, sever congestion and atrophy of the glomerulan tuff with peri-

glomerular fibrosis (B). However, examination of kidney from rats co-treated 

with   BM-MSCs and CUR showed slight congestion of the renal blood vessels 

and dilatation of some renal tubules (C) and tubular nephrosis and severe 

congestion of the blood vessels (D), respectively (Fig 1). Apoptosis in kidney 

was confirmed by TUNEL staining (Fig 2). TUNEL-positive cells were not 

present in the kidney of controls (A); more apoptotic cells in the kidney of rat 

treated with KBrO3 (B);  few apoptotic cells in rat treated with KBrO3 plus BM-

MSC (C) and KBrO3 plus CUR (D).  

 

Table (1): Kidney functions in plasma of control and treated rats 

Parameter 

Groups 

Control 

 

KBrO3 

 

KBrO3+BM-

MSc 

 

BRO3+CUR 

 

P-

Value 

BUN  

(mg/dl) 
19.90±1.32

a 
31.86±1.82

b
 22.05±1.89

a
 21.81±1.27

a
 0.001

***
 

Creatinine  

(mg/dl) 
1.49±0.12

a
 2.28±0.36

b
 1.02±0.08

a
 1.18±0.16

a
 0.001

***
 

Uric acid   

(mg/dl) 
1.51±0.16

a
 2.15±0.19

b
 1.23±0.12

a
 1.13±0.12

a
 0.001

***
 

 P-values of a one-way ANOVA. 
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 Means in the same raw followed by the same letter are not significantly 

different based on Duncun test at 0.05 significance level. Symbols *, **, 

and *** represent a significance at P ≤ 0.05, P ≤ 0.01 and P ≤ 0.001, 

respectively. 

 

Table (2): Oxidative stress markers in plasma of control and different 

treated groups 

Parameter 

Groups 

Control 

 

KBrO3 

 

BRO3+BM-

MSC 

 

BRO3+CUR 

 

P-

Value 

LPO 

(nmoles/mg 

protein) 

1.51±0.10
ab

 2.14±0.13
c
 1.32±0.14

a
 1.78±0.12

b
 

0.001
***

 

NO 

(μg/mgprotein) 

75.10±6.60
a
 104.15±4.32

b
 63.78±9.19

a
 58.45±6.50

a
 

0.001
***

 

Vit. C 

(μg/mg 

protein) 

15.47±0.99
b
 9.69±1.03

a
 13.35±1.59

b
 14.64±1.19

b
 

0.017
*
 

GSH 

(μg/mg 

protein) 

2.05±0.20
b
 1.45±0.156

a
 2.35±0.137

b
 2.02±0.13

b
 

0.022
*
 

TAC 

(μg/mg 

protein) 

0.84±0.05
b
 0.53±0.08

a
 0.66±0.08

a
 0.62±0.08

a
 

0.035
*
 

SOD 

(U/mg protein) 

4.34 ±0.56  3.50 ±0.62
 
 4.78 ±0.48

 
 4.60±0.58

 
 

0.508 

CAT 

(U/mg protein) 

3.55±0.41
a
 2.55±0.19

a
 4.88±0.51

b
 5.53±0.52

b
 

0.001
***

 

 

 P-values of a one-way ANOVA. 

 Means in the same raw followed by the same letter are not significantly 

different based on Duncun test at 0.05 significance level. Symbols *, **, 

and *** represent a significance at P ≤ 0.05, P ≤ 0.01 and P ≤ 0.001,  

respectively. 
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Table (3): Quantitative RT-PCR analysis of the fold change of Caspase-3 

in kidney of control and different treated groups (each reading represent 

reading of pooled 3 samples) 

Group Caspase-3 GAPDH DCT Control/ 

DOCT 

Fold of change 

2
ʌ
-DDCT 

Control 20.60 16.60 4.00 0.00 1.00 

KBrO3 21.41 18.40 3.01 -0.99 1.99 

BM-MSCs 21.04 18.05 2.99 -1.01 2.02 

CUR 19.60 21.89 -2.29 -6.29 78.25 

 

  

  

Fig (1): Showed the histological structure of kidney from control (A) and different 

treated groups with KBrO3 (B); KBrO3 and BM-MSCs (C); and KBrO3 and CUR (D).   

(H&E stain, magnification×400) 
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Fig (3): Showed apoptotic cells in the kidney of control rats (A); more apoptotic cells in 

the kidney of rat treated with KBrO3 (B);  few apoptotic cells in rat treated with KBrO3 

plus BM-MSC (C) and KBrO3 plus CUR (D). (Tunnel assay, magnification×100) 

 

DISCUSSION 

 Potassium bromate (KBrO3) is widely used as improving food 

additive for bread making, but it has been forbidden in various countries 

due to its hazardous effects (Oloyede and Sunmonu, 2009). In the 

present study KBrO3 induced significant elevation of plasma BUN, 

creatinine and uric acid. In this aspect, elevated level of creatinine in 

plasma confirming previous reports that KBrO3 ingestion causes acute 

kidney damage of male Wistar and Sprague-Dawley rats (Bao et al., 

2008; Ahmad et al., 2012; Ali et al., 2018) because creatinine is a 
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common marker of renal dysfunction, and BUN is an important parameter 

in the clinical evaluation of renal impairment. It is known that a major 

mechanism of KBrO3- induced nephrotoxicity is by the production of 

ROS, which initiates lipid peroxidation and decreases the antioxidants 

(Nishioka et al., 2006;  Spassova et al., 2015). Generally, elevation of 

BUN levels suggests that exposure to xenobiotics induces oxidative stress 

and affects antioxidant systems (Feng et al., 2012).  Co-treatment of 

intoxicated rat by either CUR or BM-MSCs results in a restoration of 

kidney function and the parameters of oxidative stress in plasma. It is 

known that CUR ameliorates renal structural damage and improved 

proteinuria and creatinine (Ghosh et al., 2009).  Moreover, uric acid is an 

important antioxidant in plasma because it can react directly with free 

radicals (Alvarez-Lario and Macarron-Vicente, 2010).  

In the present study, KBrO3 induced a significant increase in LPO and 

NO and significant decreases in TAC, Vit C and E and the activity of 

SOD and CAT in comparison with control group. Similarily, KBrO3-

induced renal oxidative stress and hyperproliferative response in Wistar 

rats (Khan et al., 2004) and indirectly induced DNA modification by 

oxygen radicals that is involved in its carcinogenesis (Ballmaier and 

Epe, 1995). According to the present study, KBrO3 group exhibited the 

highest ratio in the level of LPO and NO in comparison with normal rats. 

However, CUR group showed more value than the BM-MSCs group. 

These results were in agreement with that of Moghaddam et al. (2015) 

who reported that the protective effect of CUR was related to its ability to 

adjust the imbalance of antioxidant enzymes and reduced LPO levels in 

rat. The biomembrane-protective effect of CUR against peroxidative 

damage was mainly linked to its ROS scavenging ability (Farzaei et al., 

2018) and its ability to reduce NO levels (Alp et al., 2012)  through 

down-regulation of nitric oxide synthase (Černý et al., 2011). Also, CUR 

induced the synthesis of reduced glutathione (Zheng et al., (2007) leading 

to a marked decrease in LPO products (Reyes-Gordillo et al., 2007; Fu 

et al., 2008).  
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In the present study, kidney of rats exposed to KBrO3 showed necrosis, 

severe congestion and atrophy of the glomerular tuff with peri-glomerular 

fibrosis. In this aspect, renal dysfunction induced by KBrO3 in 

experimental animals characterized by tubular damage, loss of brush 

border, tubular necrosis, tubular dilatation, tubular cell swelling and 

glomerular injuries (Khan et al., 2010; Khan et al., 2012).  Aboryag et 

al. (2017) suggested that glomerular atrophy with widening of Bowman’s 

space,  epithelial shedding in tubular structures, pyknotic nuclei, 

desquamated cells, are indicators of apoptosis. This suggestion was 

confirmed in the present study by Tunnel assay which shows higher 

number of apoptotic cells in kidney of KBrO3 treated rats. It is known that 

the pathophysiology of acute kidney injury involves dysregulation of 

oxidative stress, necrosis, autophagy and apoptosis. Apoptosis is 

primarily mediated by cysteine-aspartic proteases (caspases), produced as 

inactive proteins that must be dimerized, cleaved, or both, to be activated 

resulting in DNA fragmentation, nuclear condensation, and cell death 

(Holditch et al., 2019). Also, this observation was confirmed by the 

increase two fold of caspases-3 expression in kidney of KBrO3 treated 

rats compared to control rats.    

 

In the present study, co-treatment with CUR or BM-MSCs 

significantly ameliorated histpathological changes and apoptosis in 

kidney by KBrO3 but up-regulated the capases expression. However, 

Soetikno et al. (2019) found that CUR has nephroprotective properties 

against cisplatin-induced kidney damage in rats due to its antioxidants 

and anti-apoptosis profiles. Moreover, studies have demonstrated that the 

administration of MSCs could reverse kidney injury through paracrine 

mechanisms rather than by MSC transdifferentiation (Zarjou et al., 2011; 

He et al., 2012). Autophagy is essential to the homeostasis and 

physiological function of podocytes in the kidney (Bray et al., 2012). 

Notably, autophagy induction as a self-protection mechanism has been 

demonstrated in renal tubular cells in ex-perimental models of acute 

kidney injury caused by nephrotoxicants such as cisplatin (Inoue et al., 

2010). Dang et al. (2014) reported that autophagy play an important role 

in MSC-promoted tissue regeneration.  BM-MSCs have been recognized 

https://www.hindawi.com/73841864/
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as an important component of the hematopoietic stem cell niche release of 

cytokines and growth factors (Morigi and Benigni, 20013; Bianco et al., 

2013) able to stimulate renal regeneration and limit tubular injury and 

apoptosis in cisplatin treated mice  (Bi et al., 2007). In addition, it can 

exert renoprotective effects via paracrine production of prosurvival, 

mitogenic, anti-inflammatory, and vasculotropic factors (Togel et al., 

2005). In conclusion CUR or BM-MSCs showed protective effects 

against KBrO3 induced nephrotoxicity in rats with priority of CUR due to 

its antioxidant properties. 
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 لتسون الكلوي ضد ابخلايا نخاع العظن الجرعيت والكركن وقايت كفاءة ال

 في الجرذاىالبوتاسيوم ببروهاث 

‏

‏تشوي‏‏ ‏صُاػح‏‏اخٌغرخذو ‏فً ‏انثهذاٌ ‏يٍ ‏انؼذٌذ ‏فً انثىذاعٍىو

يغرحضشاخ‏انرعًٍم‏وانًىاد‏انغزائٍح.‏فً‏هزا‏انثحس،‏‏ذى‏دساعح‏انرأشٍشاخ‏انضاسج‏

نثشوياخ‏انثىذاعٍىو‏ػهً‏إَاز‏‏انعشراٌ‏وانرأشٍش‏انىقائً‏انًحرًم‏نكم‏يٍ‏انكشكى‏

انًؼضونح‏يٍ‏َخاع‏انؼظى‏ضذ‏هزِ‏الأشاس.‏ذًد‏انذساعح‏ػهً‏اشُاٌ‏‏وانخلاٌا‏انعزػٍح

وشلاوٌ‏ظشر‏ذى‏ذفغًٍهى‏إنً‏استغ‏يعًىػاخ‏تكم‏يعًىػى‏شًاٍَح.‏الأونً‏ذشكد‏

‏تًفذاس‏ ‏انصاٍَح‏ظشػد‏تثشوياخ‏انثىذاعٍىو ‏نكم‏‏011كًعكىػح‏ضاتطح، يهٍذساو

‏ ‏فً ‏انعغى ‏وؤٌ ‏يٍ ‏يكٍهىظشاو ‏أعاتٍغ، ‏أستؼح ‏نًذج ‏انششب ‏ظشػد‏انصاٍاِ نصح

تثشوياخ‏انثىذاعىو‏تُفظ‏ظشػح‏وفرشج‏انًعًىػح‏انصاٍَح‏يغ‏انؼلاض‏تانكشكى‏تعشػح‏

‏أعاتٍغ،‏‏011 ‏استغ ‏نًذج ‏أعثىػٍا ‏يشذٍٍ ‏انحغى ‏يٍ‏وسٌ ‏كٍهىظشاو ‏نكم يهٍعشاو

تًٍُا‏انًعًىػح‏انشاتؼح‏ظشػد‏تثشوياخ‏انثىذاعىو‏تُفظ‏ظشػح‏وفرشج‏انًعًىػح‏

يشج‏واحذج‏أعثىػٍا‏نًذج‏أستغ‏‏‏01ظى‏انعضػٍح‏تًفذاس‏انصاٍَح‏يغ‏انؼلاض‏تخلاي‏انؼ

‏انثلاصيا‏ ‏وفصم ‏انذو ‏نرعًٍغ ‏ورتحها ‏انعشراٌ ‏ذخذٌش ‏ذى ‏اعاتٍغ ‏أستغ ‏تؼذ أعاتٍغ.

‏ذى‏ ‏تًٍُا ‏الأكغٍذي‏فً‏انثلاصيا، ‏قٍاط‏وظائف‏انكهً‏ودلالاخ‏الإظهاد ‏ذى وانكهً.

‏انرغٍشاخ‏انثاشىنىظٍح ‏فً‏انكهً‏نذساعح ‏قطاػاخ‏هغرىنىظٍح ويىخ‏انخلاٌا‏‏ػًم

‏ذفا ‏انكهً‏تاعرخذاو ‏انعًٍُ‏نهكاعثٍظ‏فً‏َغٍط ‏قٍاط‏انرؼثٍش ‏ذى ‏كًا م‏ػانًثشيط،

‏‏عًٍح‏كهىٌحفً‏ذغثة‏انثشوياخ‏أشاسخ‏انُرائط‏إنى‏أٌ‏انؼلاض‏تـ‏انثهًشج‏انًرغهغم.

‏انثاشىنىظٍح‏‏كًا ‏وانرغٍشاخ ‏تانثلاصيا ‏انكهً ‏دلالاخ‏وظٍفح ‏ ‏فً ‏انخهم ‏يٍ اذضح

‏يؼذل‏يىخ‏ان ‏انرؼثٍش‏انعًٍُ‏نهكاعثٍظ‏وصٌادج ‏انًثشيط‏وانزي‏اسذثظ‏تضٌادج حلاٌا

تًقذاس‏انضؼف‏وصٌادج‏انشىاسد‏انحشج‏يصم‏الأكغذج‏انفىقٍح‏نهذهىٌ‏واكغٍذ‏انٍُرشٌك‏

‏انكهٍح‏ ‏وانقذسج ‏ِ ‏و ‏ض ‏وفٍرايٍٍ ‏انعهىذصٍىٌ ‏يصم ‏الأكغذج ‏يضاداخ ‏فً وَقص

كرانٍض‏ػٍ‏يصٍهرها‏فً‏نًضاداخ‏الأكغذج‏وَشاط‏كم‏يٍ‏انغىتش‏اكغٍذ‏دٌغًٍىذٍض‏وان

‏ ‏انضاتطح. ‏انؼظى‏‏انًعًىػح ‏وخلاٌا ‏انكشكى ‏يٍ ‏تأي ‏انعشراٌ ‏أدخ‏يؼانعح تًٍُا

‏وانرغٍشاخ‏ ‏انرأكغذي ‏الإظهاد ‏ودلالاخ ‏انكهً ‏وظائف ‏فً ‏ذحغٍ ‏إنً انعضػٍح

‏ ‏انًثشيط ‏انخلاٌا ‏ويىخ ‏انعًٍُ‏انثاشىنىظٍح ‏انرؼثٍش ‏فً ‏كثٍشج ‏صٌادج ‏يغ ونكٍ

‏أي‏يٍ‏نهكاعثٍظ‏فً‏كهً‏انعشراٌ‏ان ‏وخهصد‏انُرائط‏إنً‏قذسج ‏ ‏تانكشكى. ًؼانعح

انكشكى‏و‏خلاٌا‏انؼظى‏انعضػٍح‏فً‏انحًاٌح‏يٍ‏عًٍح‏تشوياخ‏انثىذاعٍىو‏تانعشػح‏

‏.تغثة‏ذأشٍشِ‏انًضاد‏نلأكغذج‏وانفرشج‏انًغرخذيح‏يغ‏الأفضهٍح‏‏نهكشكى‏


