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ABSTRACT 

Background: Methotrexate (MTX) is widely used as a cytotoxic 

chemotherapeutic agent for malignancies as well as in the treatment of various 

inflammatory diseases. MTX treatment has been associated with renal toxicity. The 

current study was conducted to assess the potential protective role of N-acetylcysteine 

and/or melatonin in attenuation of methotrexate–induced renal damage in MTX 

intoxicated male albino rats. 

Methods: sixty, apparently healthy adult male albino rats weighed 150+10 gm 

were randomly divided into six groups; (group 1: negative control group, group 2: 

positive control (NAC treated) group, group 3: positive control (Melatonin treated) 

group, group 4: MTX treated group, group 5: MTX/NAC treated group, group 6: 

MTX/Melatonin treated group). The rats were treated once daily for 12 weeks by I.V 

injection of Methotrexate in a dose of 2 mg/kg (
1
/7 LD50), N-acetylcysteine in a dose 

of 80 mg/kg (
1
/14 LD50) and Melatonin: in a daily dose of 10 mg/kg (

1
/36 LD50) in the 

tail veins of rats and blood samples were obtained at the end of the 4
th

, 8
th

 and 12
th 

weeks and were prepared for Creatinine examination. At the end of the study, kidney 

samples were obtained for histopathological examination. 

Results: A significant constant increase in the creatinine of the MTX-treated 

group (group 4) was observed throughout the study. Supplementation of NAC 

concomitantly with MTX in group 5 reduced significantly creatinine when compared 

to the non-supplemented group 4 that treated with MTX at the 4
th

, 8
th

 and 12
th

 weeks. 

On the other hand, the use of the melatonin in combination with MTX in group 6 

produced minimal non-significant reduction of the creatinine level relative to group 4 

at the 4
th

, 8
th

 and 12
th

 weeks (P>0.05). The previous chemical results were confirmed 

by the histopathological studies of the kidney that revealed maximal affection of the 

renal cortex in the MTX-treated rats (group 4). Kidney histopathologic findings were 

significantly milder when NAC was co-administered with MTX in groups 5. 

Meanwhile, deterioration of the renal cortical structure was observed in the MTX –

melatonin treated rats (group 6). 

Conclusion: The present study showed that NAC has a superior protective effect 

than Melatonin against the renal damage induced by MTX in male albino rats.  

 

INTRODUCTION 
Methotrexate’s primary route of 

elimination is renal. Patients with a 

potential for impaired renal function 

(e.g. those taking nephrotoxic drugs) 

are at increased risk of developing 

methotrexate toxicity. Precipitation of 

methotrexate or its relatively insoluble 
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metabolites in the renal tubules can 

cause acute renal failure and tubular 

necrosis (Buchen et al., 2005). 

High-dose methotrexate (HDMTX, 

>1 g/m
2
) administered as an 

intravenous (i.v.) infusion is an 

important component in the treatment 

regimens for a variety of cancers 

(Widemann BC et al., 2004). 

HDMTX-associated severe acute 

renal failure (ARF) is an infrequent but 

serious complication because MTX is 

predominantly excreted in the urine. 

Data from a number of studies 

performed in the 1970s showed that a 

sustained elevation of serum MTX 

concentrations at 24 h (≥5 μmol/L), 48 

h (≥1 μmo/L) and 72 h (≥0.1 μmo/L) 

after the start of the MTX infusion is 

considered to be toxic. The usual serum 

MTX level 48 h after HDMTX is <0.1 

μmol/L   

(Widemann BC, Adamson PC 2006).  

Many drugs have been tested with 

the aim of preventing radiocontrast-

induced nephropathy, and in 2000, 

NAC was discovered for this purpose 

(Tepel and Zidek 2004). 

NAC has, however, rapidly become 

widely used for kidney protection 

(Pannu et al., 2004).Several meta-

analyses have also been published; 

some concluded that NAC, when added 

to conventional hydration, decreases 

the risk of radiocontrast nephropathy in 

patients with chronic renal failure 

(Duong et al., 2005). 

Koch et al. have described a direct 

association between a decrease in renal 

function and a decrease in melatonin 

production (Koch et al., 2009). The 

strong anti-oxidative properties of 

melatonin might be used to lower the 

risk of deterioration of kidney function. 

Melatonin exerts its anti-oxidative 

properties directly by scavenging free 

radicals, such as reactive oxygen 

species (ROS (Rodriguez et al., 2004). 

 

METHODS 
Chemicals used: 

1. Methotrexate: It is manufactured 

by Pfizer Australia Pty Ltd. It was 

given intravenously in tail veins of 

rats in a daily dose of 2 mg/kg (
1
/7 

LD50). 

2. N-acetylcysteine: It is manufactured 

by American International 

Chemical, Inc. It was given 

intravenously in tail veins of rats in a 

daily dose of 80 mg/kg (
1
/14 LD50). 

3. Melatonin: It is manufactured by 

Taj Pharmaceuticals Limited. It was 

given intravenously in tail veins of 

rats in a daily dose of 10 mg/kg (
1
/36 

LD50). 

Animals used & Experimental 

Design:  

Sixty, apparently healthy, adult 

male albino rats (150+10 gm body 

weight) were obtained from Animal 

house of Faculty of Medicine-Cairo 

University. They were housed in 

hygienic metal cages and kept in a 

clean well ventilated room. They were 

fed on standard laboratory diet and 

allowed free access to water. Rats were 

left for two weeks before 

commencement of the study to be 

acclimatized to lab conditions. All rats 

were weighed weekly in order to adjust 

the dose of drugs according to body 

weight. All doses were given once 

daily for 12 weeks. Blood samples 

were obtained at the end of the 4
th

, 

8
th

and 12
th 

weeks and were prepared for 

creatinine examination.  By the end of 

the study; animals’ samples were 

obtained for kidney histopathological 

examination.  

Animals were randomly classified 

into 6 groups: 

Group1 (negative control): 10 rats 

were injected I.V. with 1ml 
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distilled water once daily for 12 

weeks.  

Group2 (Positive control):10 rats were 

supplemented with N-

acetylcysteine in dose of 80 mg/kg 

body weight (
1
/14 LD50) by 

intravenous route daily for 12 

weeks.  

Group3 (positive control):10 rats were 

supplemented with melatonin in 

dose of 10 mg/kg body weight (
1
/36 

LD50) by intravenous route daily 

for 12 weeks. 

Group 4: 10 rats were supplemented 

with methotrexate in dose of 2 

mg/kg body weight (
1
/7 LD50) by 

intravenous route daily for 12 

weeks. 

Group 5: 10 rats were supplemented 

with methotrexate in dose of 2 

mg/kg body weight (
1
/7 LD50) and 

N-acetylcysteine in dose of 80 

mg/kg body weight (
1
/14 LD50) by 

intravenous route daily for 12 

weeks. 

Group6: 20 rats were supplemented 

with methotrexate in dose of 2 

mg/kg body weight (
1
/7 LD50) and 

melatonin in dose of 10 mg/kg 

body weight (
1
/36 LD50) by 

intravenous route daily for 12 

weeks. 

Biochemical Studies: 

Blood samples were obtained at the 

end of the 4
th

, 8
th

 and 12
th 

weeks from 

the retro-orbital plexus using the 

capillary pipette method of Halpern 

and Pacaud, (1951), centrifuged at 

1800 r.p.m. and stored in -20 ºC. 

Creatinine level is determined 

according to the method of enzymatic 

creatinine essay (Heinegård D and 

Tiderström G, 1973). 

Histopathological study: 

Kidney samples, obtained at the 

end of the experiment (the 12
th

 week), 

were fixed in 10% formalin and 

processed for paraffin blocks. Sections 

of 4-5 microns were cut and stained by 

hematoxylin& eosin according to 

Bancroft & Stevens, (1977) and 

examined by light microscope. The 

sections were viewed and 

photographed on an Olympus light 

microscope with attached photograph 

machine. 

STATISTICAL ANALYSIS: 

Data obtained from the 

biochemical analysis are represented in 

tables as Mean ± Standard deviation 

(mean ± SD). The One-Way ANOVA 

test was used for statistical analysis of 

data. The analysis was done using the 

SPSS-PC computer software package 

version 10 Abacus Concepts (1989). 

 

RESULTS 
No difference was observed 

between the negative and positive 

control groups concerning the 

Creatinine levels. 

At the end of the fourth week, the 

creatinine level of the Methotrexate-

treated group (group 4) increased about 

4.77 times than that of the negative 

control group (P< 0.000). With the use 

of the N-acetylcysteine (group 5), the 

creatinine level decreased significantly 

about 22.1% as compared to that of the 

Methotrexate-treated group, but still 

3.7 times  higher than that of the 

negative control group  (P< 0.000). 

With the use of the Melatonin (group 

6), the creatinine level was 

insignificantly decreased as compared 

to that of the Methotrexate-treated 

group, but still 27.4 %higher than that 

of the MTX- N-acetylcysteine treated 

group. It was about 4.7 times higher 

than that of the negative control group 

(P< 0.000).At the end of the eighth 

week, the creatinine level of the 

Methotrexate-treated group (group 4) 

increased about 5.2 times than that of 
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the negative control group (P< 0.000). 

With the use of the N-acetylcysteine 

(group 5), the creatinine level 

decreased significantly about 32.6% as 

compared to that of the Methotrexate-

treated group, but still it was about 3.5 

times higher than that of the negative 

control group (P< 0.000). With the use 

of the Melatonin (group 6), the 

creatinine level was insignificantly 

decreased as compared to that of the 

Methotrexate-treated group (group 4), 

but still it was about 30.9% higher than 

that of the MTX- N-acetylcysteine 

treated group (group 5). It was about 

4.6 times higher than that of the 

negative control group (P< 0.000).At 

the end of twelve weeks, the creatinine 

level of the Methotrexate-treated group 

(group 4) increased about 6 times than 

that of the negative control group (P< 

0.000). With the use of the N-

acetylcysteine(group 5), the creatinine 

level decreased significantly about 

42.6% as compared to that of the 

Methotrexate-treated group(group 4), 

but still 3.47 times  higher than that of 

the negative control group  (P< 0.000). 

With the use of the Melatonin (group 

6), the creatinine level was 

insignificantly decreased as compared 

to that of the Methotrexate-treated 

group(group 4), but still 65% higher 

than that of the MTX- N-acetylcysteine 

treated group (group 5). It was about 

4.8 times higher than that of the 

negative control group (P< 0.000) 

(Table 1).  
The renal cortex of the control 

group showed numerous renal 

corpuscles and convoluted tubules of 

the renal cortex. Each renal corpuscle 

appeared as a dense, rounded structure 

formed of glomerulus surrounded by a 

narrow capsular (urinary) space, 

followed by a single row of flat 

squamous cells of the parietal layer of 

Bowman's capsule (Figure 1).  

The renal cortex of the 

Methotrexate-treated group (group 4) 

showed cytoplasmic vacuolation and 

pyknosis of the nuclei of theproximal 

convoluted tubules (PCT). In addition 

the tubular epithelium exhibited 

exfoliation with intraluminal cast 

formation. Multiple glomeruli were 

atrophic with widening of the urinary 

spaces. The peritubular capillaries were 

congested (Figure 2&3). Improvement 

of the histological appearance was 

observed in the renal cortex of the 

NAC-treated group (group 5). The 

glomeruli were nearly normal with a 

slight widening of the urinary spaces. 

Some pathological findings were found 

in the renal tubular epithelium in the 

form of pyknosis of the nuclei, 

exfoliation, cytoplasmic vacuolation 

with tubular cast formation (Figure 4). 

More deterioration of the renal 

cortex was observed in the melatonin-

treated group (group 6). Severe 

congestion of the glomeruli and of the 

peritubular capillaries was observed, 

which led finally to massive vascular 

extravasation. The tubular epithelium 

showed pyknosis and apoptosis of the 

nuclei of the PCT. In addition, 

cytoplasmic vacuolation, exfoliation 

with the tubular cast formation were 

constant findings in the tubules of this 

group (Figure 5). 
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Table (1): Shows ANOVA one-way statistical analysis of the creatinine levels (ng/ dl) 

in all studied groups throughout the experimental period in rats. 

Groups  Creatinine levels (ng/ dl)(mean± SD)  

4
th

 week 8
th

 week 12
th

 week 

Group 1 0.53±0.15* def 0.52±0.17* def 0.48±0.16* def 

Group 2 0.45±0.14* def 0.41±0.18* def 0.41±0.18* def 

Group 3 0.42±0.17* def 0.46±0.15* def 0.45±0.15* def 

Group  4 2.53±0.34* abcef 2.731±0.28* abcef 2.91±0.26* abcef 

Group  5 1.97±0.08* abcdf 1.84±0.10* abcdf 1.67±0.17* abcdf 

Group  6 2.51±0.20* abcde 2.41±0.19* abcde 2.32±0.18* abcde 

*= statistical significant difference at p ≤ 0.05 

a = significant difference versus group 1       b = significant difference versus group 

2 

c = significant difference versus group 3       d = significant difference versus group 

4 

e = significant difference versus group 5      f = significant difference versus group 6 

Group 1= Negative control.  

Group 2= Rats received doses equal to 
1
/14 of LD50 of N-acetylcysteine. 

Group 3= Rats received doses equal to 
1
/36 of LD50 of melatonin. 

Group 4= Rats received doses equal to 
1
/7 of LD50 of methotrexate.  

Group 5= Rats received doses equal to 
1
/7 of LD50 of methotrexate & 

1
/14 of LD50 of 

N-acetylcysteine.  

Group 6= Rats received doses equal to 
1
/7 of LD50 of methotrexate & 

1
/36 of LD50 of 

melatonin.  

 
Figure (1): Photomicrograph of a cross section in the renal cortex of a rat of the 

negative control group (group 1) showing a normal glomerulus (G), parietal 

layer of Bowman’s capsule (arrows) and urinary spaces. Note normal PCT (P) 

and DCT (D) (H & E; 400×). 
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Figure (2): Photomicrograph of a cross section in the renal cortex of a rat of the 

Methotrexate-treated group (group 4) showing pyknosis of the nuclei of the 

PCT (arrowheads) of the tubular epithelium. Both the glomeruli (G) and the 

peritubular capillaries (PC) are congested. Widening of the urinary spaces (S) 

and massive extravasation of the blood (EV) have been observed.   (H&E x 

400)  

 
Figure (3): Photomicrograph of a cross section in the renal cortex of a rat of the 

Methotrexate-treated group (group 4)   showing pyknosis of the nuclei of the 

PCT (arrowheads) with cytoplasmic vacuolation (V) of the tubular epithelium. 

The glomeruli (G) are atrophic with widening of the urinary spaces (S).   

(H&E x 400)  
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Figure (4): Photomicrograph of a cross section in the renal cortex of a rat of the 

MTX- N-acetylcysteine treated group (group 5) showing pyknosis of the 

nuclei of the renal tubules (arrowhead) with vacuolation (V) of the tubular 

epithelium. The glomeruli (G) are slightly congested and the urinary spaces 

(S) are normal. (H&E x 400)  

 
Figure (5): Photomicrograph of a cross section in the renal cortex of a rat of the 

MTX- Melatonin treated group (group 6) showing pyknosis of the nuclei of 

the PCT (arrowhead). Cytoplasmic vacuolation (V) and exfoliation (curved 

arrows) of the tubular epithelium have been observed. Apoptosis of the 

tubular nuclei (arrow) with cast formation have been identified. The glomeruli 

(G) are congested and atrophic with widening of the urinary spaces (S) (H&E 

x 400) 
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DISCUSSION 

The purpose of this study was to 

test the protective effect of N-acetyl 

cysteine and Melatonin on 

Methotrexate induced renal toxicity in 

albino rats.  

The current study revealed 

significant elevation in serum 

creatinine concentrations of the 

methotrexate-treated group (group 4) 

throughout the study compared with the 

negative control group.  It increased 

about 4.77, 5.2 and 6 times than that of 

the negative control group at the 4
th

, 8
th

 

and 12
th

 weeks respectively (P<0.000). 

An elevated serum creatinine signifies 

kidney injury (Ponte et al., 2008).In 

accordance with these results , many 

authors reported that MTX 

administration increases plasma BUN 

and creatinine levels significantly 

(Kolli et al., 2009 and Kintzel, 

2001).Kintzel, 2001added that 

administration of MTX in high doses 

can cause acute renal failure. On the 

other hand, these results were in 

disagreement with those of Cetiner et 

al.,2005 who reported that MTX 

administration does not elevate BUN 

and creatinine significantly. 

This biochemical dysfunction in 

the methotrexate-treated group (group 

4) was in harmony with the 

morphological abnormalities of the 

examined renal sections that revealed 

maximal affection of the renal cortex of 

rats that received MTX only (group 4) 

in the form of a condensation 

of chromatin (pyknosis) of the nuclei of 

the proximal convoluted tubules (PCT) 

which reflected an irreversible cell 

injury (Kroemer et al., 

2009),apoptosis has been also observed 

in the kidney of the MTX-treated 

group. Apoptosis may be induced by 

reactive oxygen species (ROS) (Buttke 

and Sandstrom, 1994).Additionally, 

exfoliation of the lining epithelial cells 

of renal tubules was detected which 

could be the result of ischemia induced 

by the oxygen derived free radicals 

(Edelstein et al., 1997) or induced by 

the affection of the rennin-angiotensin 

mechanism (Humes et al., 

1997).Edelstein et al., 1997 added that 

this ischemia causes functional and 

structural alteration of the lining 

epithelial cells leading to their 

detachment. 

Intraluminal cast formation of the 

renal tubules was also noticed in the 

methotrexate-treated group (group 4) 

following the intraluminal exfoliation 

of the lining epithelial cells. Goligorsky 

and his co-workers declared that the 

necrotic epithelial cells provided a 

matrix for intraluminal cast formation 

(Goligorsky et al., 1993).Furthermore, 

the renal tubules of the methotrexate-

treated group (group 4) showed the 

presence of cytoplasmic vacuolization 

of the lining epithelial cells which 

might be due to the disturbance of the 

sodium pump, as a sequence of 

impaired oxidative phosphorylation, 

which results in hydropicdegeneration 

(Therien and Blostein, 2000). 

The current study revealed that the 

most sensitive part of the kidney to the 

toxic effects of MTX was the 

epithelium of the PCT. This could be 

explained by the wide distribution of 

the enzymes needed for the uptake of 

MTX such as the apical gamma-

glutamyltranspeptidase, glucose-6 

phosphatase, alkaline phosphatase, 

ATPase and succinic dehydrogenase in 

the cells of the PCT (Diamond and 

Zalups, 1998). 

N-acetylcysteine, derived from the 

simple amino acid cysteine, provides 

significant protection against a broad 

array of modern toxins. These include 

acrolein (found in cigarette smoke and 

http://en.wikipedia.org/wiki/Chromatin
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auto exhaust), paraquat (a toxic 

herbicide), and the side effects of 

cyclophosphamide, adriamycin (both 

anticancer drugs) and halothane (an 

anesthetic) (Boman et al., 1983). 

In the present work, benificial 

effect on creatinine levels was recorded 

on supplementation of N-acetylcysteine 

concomitantly with methotrexate in 

group 5; it reduced creatinine levels 

significantly when compared to the 

non-supplemented group 4 that was 

treated with MTX (P< 0.000) in all 

intervals. 

Tepel et al., 2000 demonstrated 

that administration of NAC reduced 

contrast media nephrotoxicity. This 

demonstration was based on a milder 

elevation of serum creatinine following 

administration of contrast medium 

when associated with NAC. The 

morphological changes and 

histopathologic findings of the kidney 

sections were significantly milder when 

NAC was co-administered with MTX 

in groups 5 as compared to the effects 

of MTX when used alone in group 4. 

Agrawal et al., 2008 concluded that it 

might be useful to use NAC to 

minimize MTX-induced nephrotoxicity 

as evidenced by the improvement of 

the glomerular and the peritubular 

capillaries congestion (Agrawal et al., 

2008). 

On the other hand, the use of the 

melatonin in combination with 

methotrexate in group 6 produced 

minimal non-significant reduction of 

the creatinine level relative to group 4 

at the 4
th

, 8
th

 and 12
th

 weeks (P> 0.05). 

This observed chemical effect in group 

6 was supported by the deterioration of 

the renal cortical structure as observed 

in the melatonin and MTX group 

(group 6). These results were 

inconsistent with those of Kilic et al., 

(2013) who reported that both serum 

creatinine and urea nitrogen increased 

significantly following cisplatin 

administration alone and these values 

decreased significantly with melatonin 

co-treatment of cisplatin-treated rats.  

This discrepancy observed in the 

protective effect of melatonin on the 

kidney could be attributed to the 

difference in the experimental protocol 

as Kilic et al., (2013) administered 

melatonin two days before the single 

intraperitoneal injection of cisplatin. 

In conclusion, in the present work, 

benificial effect on creatinine levels 

was recorded on supplementation of N-

acetylcysteine concomitantly with 

methotrexate in group 5; it reduced 

creatinine levels significantly when 

compared to the non-supplemented 

group 4 that was treated with MTX (P< 

0.000) in all intervals. 

In the view of the present study, we 

recommend to conduct the same study 

on human beings in order to investigate 

the feasibility and suitability of the 

results of the present study on human 

beings. 
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 العشثٖالولخص 

دساسخ هقبسًخ للزأث٘ش الْقبئٖ لل ى اس٘زبٗل س٘سزبٗ٘ي ّ الو٘لارًْ٘ي علٔ الزسون 

  الكلْٕ الوحذس ثْاسطخ الو٘ثْرشٗكس٘ذ فٔ ركْس الفئشاى الج٘ضبء
ُبلخ سع٘ذ

*
صلاذ ، أهبًٖ

*
شِبة ، علاء

*
أحوذ الشطْسٓ، 

*
أه٘وخ الخْلٔ، 

**
، خْسج ًزَٗ

**
 

، ّلاء عْض
*** 

 
*

ّ  قسن الطت الششعٖ ّالسوْم الإكلٌ٘٘ك٘خ
**

 كل٘خ الطت خبهعخ القبُشح،-قسن الك٘و٘بء الحْ٘ٗخ 
***

 الص٘ذلخ الإكلٌ٘٘ك٘خ-الزهبلخ الوصشٗخ 

 

ػلاس الأوساو انخبُزت وكزُش يٍ الأيشاض الانخهببُت  فٍَسخخذو ػقبس انًُزىحشَكسُج ػهً َطبق واسغ 

 .انكهىٌواسحبػ انؼلاس ببنًُزىحشَكسُج ببنخسًى 

نؼقبس ٌ اسُخبَم سُسخبٍَُ وػقبس انًُلاحىٍَُ ػهً انخسًى  انىقبئٍيقبسَت الأرش  ّرِذف ُزٍ الذساسخ الٔ

 ركىس انفئشاٌ انبُعبء انًسًًت بؼقبس انًُزىحشَكسُج. فٍانًغذد بىاسطت انًُزىحشَكسُج  انكهىٌ

صشاو حى انغصىل  051 عىانٍحضٌ  انببنغت انخٍسخٍُ يٍ ركىس انفئشاٌ انبُعبء  ّاخشٗذ الذساسخ علٔ

الودوْعخ ػهُهب يٍ بُج انغُىاٌ كهُت انطب صبيؼت انقبهشة. وقذ قسًج انفئشاٌ ػشىائُب انً سخت يضًىػبث 

يضًىػت ظببطت اَضببُت وشًهج  الودوْعخ الثبً٘خ :عببطت انسهبُت وشًهج ػششة فئشاٌ انًضًىػت ان الأّلٔ:

يضًىػت   ّ الودوْعخ الشاثعخيضًىػت ظببطت اَضببُت وشًهج ػششة فئشاٌ  ّالودوْعخ الثبلثخ :ػششة فئشاٌ 

زىحشَكسُج يضًىػت ٌ اسُخبَم سُسخبٍَُ يغ انًُ الودوْعخ الخبهسخ :انًُزىحشَكسُج وشًهج ػششة فئشاٌ 

يضًىػت انًُلاحىٍَُ يغ انًُزىحشَكسُج و شًهج ػششة فئشاٌ   ّ الودوْعخ السبدسخوشًهج ػششة فئشاٌ 

انًُبسب وانسًبط  انًؼًهٍعضشة َظُفت صُذة انخهىَت وحغزَخهى ػهً انغزاء  فٍأقفبص يؼذَُت  فٍوحًج إػبشخهى 

ظشوف انًؼًم وحى  َخأقهًىا ػهًانذساست عخً  فٍنهى ببنغصىل ػهً انًبء  وحشكىا نًذة اسبىػٍُ قبم انبذء 

وصٌ صًُغ انفئشاٌ اسبىػُب ورنك نخؼذَم صشػبث انؼقبساث انًسخخذيت ػهً عسب انىصٌ. وقذ اخزث ػُُبث انذو 

ػشش نخقُُى وظبئف انكهً وػُذ َهبَت انذساست حى حششَظ  وانزبٍََهبَت الاسبىع انشابغ وانزبيٍ  فٍيٍ انفئشاٌ 

 انذساسبث انُسُضُت انببرىنىصُت. لإصشاءػهً ػُُبث َسُضُت كهىَت انفئشاٌ نهغصىل 

حهقج انًُزىحشَكسُج  انخٍانًضًىػت انشابؼت  فٍقًُت انكشَبحٍُُُ  فٍصَبدة رببخت  ّأظِشد ًزبئح الذساسخ

ذ يقبسَت ببنًضًىػت انعببطت انسهبُت ػُ يشاث 6و 5.5و 7.77 عىانٍػهً يذاس فخشة انذساست عُذ بهغج انضَبدة 

ػشش يٍ انذساست ببنخشحُب. وػُذ عقٍ ٌ اسُخبَم سُسخبٍَُ يغ  وانزبٍََهبَت الاسبىع انشابغ وانزبيٍ 

قًُت انكشَبحٍُُُ يقبسَت ببنًضًىػت  فٍانًضًىػت انخبيست نىعع اَخفبض رو دلانت اعصبئُت  فٍانًُزىحشَكسُج 

قًُت  فٍانًضًىػت انسبدست كبٌ الاَخفبض  فٍوػهً انُقُط ػُذ اظبفت انًُلاحىٍَُ انً انًُزىحشَكسُج  انشابؼت.

 ػشش. وانزبٍََهبَت الاسبىع انشابغ وانزبيٍ  انشابؼت ػُذانكشَبحٍُُُ غفُف يقبسَت ببنًضًىػت 

أظهشث  انسببقت عُذانُخبئش انكًُُبئُت  ػهًنهكهً  الِسزْلْخٖ )الو٘كشّسكْثٖ( ًزبئح الفحصّأكذد 

يضًىػت انًُزىحشَكسُج(. وكبَج انخغُشاث انشابؼت )انًضًىػت  فٍانقششة انكهىَت  فٍ حأرُشأقصً 

اظبفت ٌ اسُخبَم سُسخبٍَُ يغ  انشابؼت ػُذانقششة انكهىَت بسُطت يقبسَت ببنًضًىػت  فٍانهسخىببرىنىصُت 

انسبدست انًضًىػت  فٍانًقببم نىعع ػذو حغسٍ انقششة انكهىَت  انخبيست وفًانًضًىػت  فٍانًُزىحشَكسُج 

 ببنًضًىػت انشابؼت. يقبسَت

اٌ حؼبغً ٌ اسُخبَم سُسخبٍَُ ببنخضايٍ يغ انًُزىحشَكسُج قذ ادي انً حغسٍ يهغىظ ّخلصذ الذساسخ الٔ 

ٌ اسُخبَم  بخؼبغٍ ّرْصٔ الذساسخانكهً  فٍانخغُشاث انهسخىنىصُت  فٍوظبئف انكهً وأدي كزنك انً حشاصغ  فٍ

 انكهً.زىحشَكسُج نخخفُف سًُخه ػهً انًشظً انزٍَ َخعؼىٌ نهؼلاس ببنًُ سُسخبٍَُ فٍ

 


