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ABSTRACT 
Objective: This study aimed to determine the anti-oxidant effect of carnosine in 

methotrexate (MTX) induced nephrotoxicity in albino rats. Materials & Methods: 40 

male albino rats are used in this study and were equally divided into four groups. The 

negative control group received only saline orally, while the positive control group 

received carnosine (5 mg/kg) orally for 7 days. On the other hand the MTX group 

received a single dose (20 mg/kg) MTX intraperitoneally. The MTX+ carnosine group 

received the same doses of MTX and carnosine. On the seventh day, blood samples 

and kidney tissues were obtained for assessment of biochemical markers of the kidney, 

oxidative stress markers, and histopathological examination. Results: MTX group 

compared with the control groups (both negative and positive) and the MTX + 

carnosine group showed significant higher values of both BUN and serum creatinine. 

This significance was found between MTX group and all other studied groups for 

BUN levels; and between the MTX group and only the control groups for creatinine 

levels. The serum superoxide dismutase (SOD) levels were relatively higher in MTX 

than the other groups while the serum malonedialdehyde (MDA) was significantly 

higher in the MTX group compared to the other groups. Histopathological examination 

of the renal tissues showed glomerulosclerosis, marked damage of renal tubules, 

proteineous material in the renal tubules, and marked cellular infiltration in MTX 

group. Conclusion & Recommendations: MTX administration involves oxidative 

stress causing structural and functional damage in albino rats’ kidney tissue. Carnosine 

administration reduced the MTX-induced oxidative stress and nephrotoxicity through 

its antioxidant properties. Carnosine may be regarded as a promising agent to alleviate 

MTX-induced renal toxicity.  
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INTRODUCTION 
Methotrexate (MTX) is used as an 

anti-cancer drug in higher doses such as 

acute lymphoblastic leukemia, 

lymphoma, carcinoma of the breast, 

osteogenic sarcoma, and cancer of the 

head and neck region (Choudhury et 

al., 2000; Miyazaki et al., 2003; 

Findlay et al., 2008; D’Adamo, 2011). 

However, lower doses of methotrexate 

have been used in the treatment of 

rheumatic diseases due to its 

immunosuppressant effect (Gisondi 

and Girolomoni, 2007; and Renna, 

2014). 
MTX depletes folic acid thus 

affecting the purine metabolism which 

is responsible for both therapeutic and 

toxic effects of MTX. The use of MTX 

is associated with deleterious effects on 
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different organs such as the kidney, 

liver, testis and bone marrow. As MTX 

is mainly eliminated through the 

kidneys nephrotoxicity is more 

common to occur more than other side 

effects which limits its therapeutic uses 

in many condition (Lameire et al., 

2011). 
The mechanism of renal toxicity 

has been attributed to direct toxic effect 

of MTX as well as reactive oxygen 

species (ROS) production (Widemann 

& Adamson, 2006; Wiczer et al., 

2016; and Famurewa et al., 2017). 
Recently, MTX-induced nephrotoxicity 

has been regarded as a result of 

oxidative stress (Devrim et al., 2005; 

Asvadi et al., 2011). Acute renal 

failure and nephrotoxicity have been 

reported with the usage of MTX 

apecially in high doses (Hempel et al., 

2003).  

Carnosine (β-alanyl-l-histidine) 

was discovered in 1900 as an abundant 

non-protein nitrogen-containing 

compound of skeletal muscle and 

nervous tissue. The physiological roles 

of carnosine has been linked to its 

biochemical properties include pH-

buffering, antioxidant capacity and its 

potential to protect against formation of 

lipid oxidation end-products (Boldyrev 

et al., 2013).   
For these reasons, the therapeutic 

potential of carnosine supplementation 

has been tested in numerous diseases in 

which oxidative stress is involved. 

Furthermore, it has been used in 

physiological states accompanied by 

oxidative stress and showed promising 

preclinical and clinical results (Ahshin-

Majd et al., 2016; Prokopieva et al., 

2016; and Yamashita et al., 2018).  

This study is designed to assess the 

protective properties of carnosine on 

methotrexate induced nephrotoxicity. 

This was carried through the evaluation 

of both biochemical and 

histopathological parameters with 

special focus on the antioxidant status 

and lipid peroxidation product (MDA)  
 

MATERIALS & METHODS 
Experimental condition 

All the experimental animals used 

in this study received humane care 

according to the guidelines outlined in 

the ―Guide for the Care and Use of 

Laboratory Animals‖ by the National 

Institute of Health (NIH). The 

experimental protocol for the use of 

live animals in this study was approved 

by Louisiana State University 

Institutional Animal Care and Use 

Committee.  

Forty male, albino rats, weighing of 

200-220 gm aged 3 months were 

provided from animal laboratory and 

used in this experiment. All animals 

maintained at a constant temperature 

(30 +/- 3 °C) in a controlled room 

where light/dark cycle was maintained. 

The rats had free access to food and 

water. Animals were left for 7 days for 

acclimatization the then distributed 

randomly into four groups each 

consisted of ten rats: 

(I) Negative Control group: rats in 

this group received physiological saline 

by oral gavage for 7 days. 

(II) Positive control group: 

rats in this group received 5 mg 

carnosine/kilogram (kg) dissolved in 

distilled water (Nagai & Suda, 1988). 

(Sigma chemical Co., Poole, Dorset, 

U.K.)     

(III) MTX group: rats in this 

group received 20 mg/kg MTX 

intraperitoneally (i.p.) in a single dose 

on the first day and saline by oral 

gavage for 7 days (Çakir et al., 2015). 

(Ebewe pharma, Vienna, Austria) 

(IV)  MTX & carnosine group: 

rats in this group received 20 mg/kg 
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MTX (i.p.) in a single dose on the first 

day and carnosine by oral gavage for 7 

days. 

At the end of the seventh day, all 

the experimental rats were anesthetized 

and euthanized by decapitation. Blood 

samples were collected for estimation 

of biochemical parameters and both 

kidneys were quickly removed and 

fixed in 10% neutral formalin solution 

for histopathological examinations.  

Biochemical analysis 

Blood samples were collected and 

left at room temperature for 10 minutes 

before centrifugation to separate the 

serum and then aliquoted for analysis. 

Serum creatinine and blood urea 

nitrogen (BUN), in addition to serum 

superoxide dismutase (SOD) and serum 

malondialdehyde (MDA) were studied. 

1- Serum creatinine and blood urea 

nitrogen (BUN) levels were measured 

using a colorimetric method, employing 

commercial kits by an auto analyzer.  

2- Determination of serum 

superoxide dismutase (SOD) activity an 

indicator of antioxidant response, 

which was analyzed primarily based on 

reduction of nitroblue tetrazolium 

(NBT) compound. Activity of the 

enzyme was expressed as units per 

milliliter of plasma (Sun et al., 1988). 

3- Determination of serum 

malondialdehyde (MDA) levels were 

measured with the thiobarbituric acid 

reaction according to Dahle’s method 

using spectrophotometer and MDA 

levels were expressed in nanomoles per 

milliliter (Dahle et al., 1962). 

Histopathological analysis 

Kidney samples were fixed in 10% 

buffered formalin, embedded in 

paraffin and then cut at 4-5 microns 

thickness. The cut sections were then 

stained with hematoxylin and eosin 

(HE) to be examined by light 

microscopy. Histopathological changes 

were diagnosed in a blinded manner by 

a specialized pathologist unaware of the 

study groups. Glomerulosclerosis, 

degeneration of tubular epithelium, 

presence of proteinous material in the 

lumen of renal tubules, and presence of 

inflammatory reaction were evaluated 

according to the severity of lesions 

using a 0-3 scoring system, where 0= 

normal; 1= normal glomeruli and slight 

degeneration in tubular epithelial cells, 

mild inflammatory reaction; 2= 

moderate glomerulosclerosis & tubular 

degeneration, deposition of proteneous 

material and moderate inflammatory 

reaction; 3= severe glomerulosclerosis 

& tubular degeneration, extensive 

proteinous material in tubular lumen, 

and severe inflammatory reaction. 

Statistical analysis 

The collected data were tabulated 

and analyzed using SPSS version 22 

software (Spss Inc, Chicago, ILL 

Company). Quantitative data were 

expressed as mean ±standard deviation. 

ANOVA was used as tests of 

significance. Significant ANOVA and 

Krauskal Wallis were followed by post 

–hoc test to detect significant pairs. The 

accepted level of significance in this 

work was stated at 0.05 (P <0.05 was 

considered significant). 

RESULTS 
Biochemical results 

The mean value ± SD of BUN 

levels was higher in the methotrexate 

group (group III) compared with all 

other groups in this study and the 

probability value was found highly 

significant (P<0.0001) as shown in 

table 1. This significance was further 

studied by post-hoc test and the 

significance was found between group 

III and all other studied groups as 

shown in table 2. Similarly, the mean 

value ± SD of the serum creatinine 

levels was higher in the group III 
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compared with all other studied groups 

and the probability value was also 

found highly significant (P<0.0004) as 

shown in table 3. This significance was 

found only between group III and both 

the control groups (group I and group 

II) as shown in table 4. 

 As regard the serum value ± SD of 

SOD enzyme activity levels was 

relatively higher in group III than the 

other studied groups. However, the 

probability value was insignificant 

(P>0.05) as shown in table 5. On the 

other hand, the serum value ± SD of 

MDA level in group III was 

significantly higher than all other 

groups in this study (P<0.0001) as 

shown in table 6. This significance was 

further studied by post-hoc test which 

showed significance pairwise 

comparison between every group and 

each other (p<0.0001).  

Histopathological results 

The gross examination of the 

kidneys between the different studied 

groups did not show any significant 

difference. Normal renal architecture 

i.e. glomeruli and renal tubules 

(histopathological score = 0) was 

observed in both negative and positive 

control groups. On the other hand, the 

MTX group showed 

glomerulosclerosis, renal tubular 

damage, proteineous material in the 

renal tubules, and infiltration by 

inflammatory cells that ranged between 

moderate to marked (histopathological 

score ranged between 2 - 3). Lastly, the 

MTX + carnosine showed relatively 

normal kidneys i.e. mild glomeruli and 

renal tubular degeneration, no 

proteneous materials in the lumen of 

the tubules, and mild inflammatory 

reaction (histopathological score ranged 

between 0 - 1). The histopathological 

results in MTX group were significant 

with both control groups and also the 

MTX + carnosine group.  

 

Table (1): The mean values of BUN levels (mg/dl) in all studied groups 

 Mean± S.D F test (one way anova) P value 

Negative Control group 20.9 ± 1.45 10.61 0.0001* 

(HS) Positive control group (Carnosine)  18.9 ± 2.32 

Methotrexate group 26.8 ± 4.92 

Methotrexate + carnosine group 20.2 ± 3.81 

  *(HS) highly significant results. 

 

Table (2): Post-hoc test for the mean values of BUN levels 

 Negative 

Control group 

Positive control 

group 

(Carnosine) 

Methotrexate + 

carnosine group 

Methotrexate 

group 

Methotrexate 

group 

0.002* 0.000* 0.006*  

* = significant 
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Table (3): The mean values of serum creatinine levels (mg/dl) in all studied groups 

 Mean± S.D 
F test (one 

way anova) 
P value 

Negative Control group 0.57 ± 0.02* 

5.3 
0.0004* 

(HS) 

Positive control group (Carnosine) 0.56 ± 0.12# 

Methotrexate group 0.66 ± 0.02 

Methotrexate + carnosine group 0.59 ± 0.01 

*(HS) highly significant results. 
 

Table (4): Post-hoc test for the mean values of serum creatinine levels 

 
Negative 

Control group 

Positive control 

group (Carnosine) 

Methotrexate + 

carnosine group 

Methotrexate 

group 

Methotrexate 

group 
0.02* 0.005* 0.06  

* = significant 

 

Table (5): The mean values of serum SOD levels (units per milliliter) in all studied 

groups 

 Mean± S.D 
F test (one way 

anova) 
P value 

Negative Control group 689 ± 21.34 

1.5 > 0.05 

Positive control group 

(Carnosine) 
659 ± 39.71 

Methotrexate group 705 ± 59.15 

Methotrexate + 

carnosine group 
658 ± 92.51 

 

Table (6): The mean values of serum MDA levels (nanomoles per milliliter) in all 

studied groups 

 Mean± S.D F test(one way 

anova) 

P value 

Negative Control group 11.2 ± 0.86** 108.8 0.0001*(HS) 

Positive control group 

(Carnosine)  

8.22 ± 1.61** 

Methotrexate group 17.89 ± 1.02** 

Methotrexate + 

carnosine group 

11.25 ± 1.33** 

*(HS) highly significant results. 
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Photomicrograph of renal tissue in 

negative control group (stained with 

H&E X 200) showing normal renal 

tissue (score = 0)  

Photomicrograph of renal tissue in 

positive control group (stained with 

H&E X 200) showing normal renal 

tissue (score = 0) 

  
Photomicrograph of renal tissue in 

MTX group (stained with H&E X 

200) showing moderate 

glomerulosclerosis & tubular 

degeneration, proteneous material 

in the lumen of renal tubules and 

moderate infiltration with 

inflammatory cells (score = 2) 

Photomicrograph of renal tissue in 

MTX group (stained with H&E X 

200) showing marked 

glomerulosclerosis, marked tubular 

degeneration, marked proteineous 

material in the lumen of renal 

tubules and marked infiltration by 

inflammatory cells (score = 3) 

 
Photomicrograph of renal tissue in MTX+carnosine group (stained with H&E X 

200) showing normal glomeruli, mild tubular degeneration, no proteneous 

material, mild infiltration with inflammatory cells (score = 1) 
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Table (7): Statistical analysis of histopathological results of the kidneys 

Histopathological analysis Mean± S.D 
Score distribution 

per group 

Score 

range 
F test P value 

Negative Control group 0.00 ± 0.00 10 rats = 0 0 - 0 

131.2 0.0001* 

Positive control group (Carnosine) 0.00 ± 0.00 10 rats = 0 0 - 0 

Methotrexategroup 2.7 ± 0.48 
7 rats = 3 

3 rats = 2 
2 - 3 

Methotrexate + carnosine group 0.6 ± 0.52 
6 rats = 1 

4 rats = 0 
0 - 1 

*(HS) highly significant results.  

Table (8): Post-hoc test for the histopathological results of the kidneys 

 Negative 

Control group 

Positive 

control group 

(Carnosine) 

Methotrexate 

+ carnosine 

group 

Methotrexate  

Methotrexate 

group 

0.0001* 0.0001* 0.003*  

* = significant 

DISCUSSION 
Methotrexate (MTX) is a common 

drug that is used for treatment of many 

autoimmune diseases using low doses 

of the drug in addition to treatment of 

different malignancy using high doses 

mainly through its anti-inflammatory 

and anti-proliferative effects. 

(Widemann et al., 2004; and 

Dalaklioglu et al., 2013).  

This anti-metabolite drug property 

of MTX is capable of blocking cell 

metabolism through the inhibition of 

tetrafolate enzyme thus preventing 

synthesis of protein, DNA, RNA, and 

adenosine triphosphate. This results in 

difficult cell regeneration and cell death 

occurs (Jolivet et al., 1983; Mycek et 

al., 1997; and Miyazono et al., 2004). 
This mechanism is responsible for both 

its therapeutic and toxic effects. The 

severity of MTX toxicity is a dose 

depending as well as the frequency of 

administration. Liver, renal, and 

gastrointestinal damage are common 

adverse effects. MTX induced renal 

damage has been regarded a common 

reason which restricts its therapeutic 

uses (Tabassum et al., 2010).  

MTX induced renal toxicity has 

been attributed to two mechanisms. The 

first mechanism is direct by MTX and 

its metabolite which precipitate in the 

lumen of renal tubules leading to 

necrosis. The other mechanism that has 

been discussed in several studies is the 

oxidative damage (Babiak et al., 1998; 

and Vardi et al., 2013). MTX results 

in increase of reactive oxygen species 

(ROS) which leads to tissue damage 

(Babiak et al., 1998). 

It is well known that under normal 

physiological conditions ROS carry out 

important regulatory functions in the 

organism (Lin and Beal, 2006; 

Halliwell and Gutteridge, 2007; and 

Valko et al., 2007). However, under 

uncontrolled increase in ROS, they 

interact with biomolecules, leading to 

their oxidative modifications. Products 
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of such modification usually lose 

ability to carry out their functions. 

These products serve as ―markers of 

oxidative stress,‖ and they include 

carbonylated, nitrosylated, and glycated 

proteins; aggregates due to cross 

linking of protein molecules; products 

of lipid peroxidation such as 

malondialdehyde. All these products of 

oxidative damage are resistant to 

destructions and accumulate in cells 

affecting their vital functions. 

Therefore, their neutralization plays an 

important role in correction of the 

oxidative stress (Lin and Beal, 2006; 

and Menshchikova et al., 2006). 

Although the human endogenous 

antioxidant response system can 

regulate the amount of ROS tightly and 

minimize related cellular damage 

(Kensler et al., 2007), the role of 

exogenous antioxidants is also 

important. It was found that exogenous 

antioxidants have a priming effect on 

the antioxidant response system. The 

both endogenous antioxidant response 

system and exogenous antioxidants 

allow for a more enhanced and efficient 

defense against detrimental redox 

modulations (Kensler et al., 2007; and 

Niture et al., 2014). 

Carnosine meets almost all 

requirements for an ideal antioxidant. It 

is characterized by being synthesized 

and contained in human muscle and 

nervous tissues. It is absorbed from the 

alimentary tract and has high 

bioavailability. In addition, carnosine 

does not carry the danger of overdose 

nor it accumulates in the organism 

during administration as it is 

metabolized by the carnosinase 

enzyme. This low molecular weight 

hydrophilic antioxidant acts through its 

direct action and has also an impact on 

the antiradical protection system of the 

organism (Boldyrev, 2009).  

Several studies described the 

positive biological effects by its pH-

buffering properties (Skulachev, 1992); 

buffering reactive oxygen species 

(Severin et al., 1984); and its ability of 

to form complexes with bivalent metals 

such as ions of copper, cobalt, 

manganese, cadmium (Brown and 

Antholine, 1979), and iron ions 

(Vladimirov, 1996). Further, the 

antiglycating and the anticross-linking 

properties of carnosine have been 

shown and are attributed to its 

antioxidant effects (Hipkiss et al., 

1995; and Hobart et al., 2004). 

In this study, BUN and creatinine 

were measured in the four groups as 

indicators of renal function. The mean 

value of BUN levels was significantly 

higher in the methotrexate group (group 

III) compared with all other studied 

groups (both control groups and MTX 

+ carnosine group) (P<0.0001). This 

was in agreement with Armagan et al., 

2015 and Asci et al., 2017 that found 

similar biochemical findings indicating 

the impairment of renal function 

induced by MTX and the protective 

effect of carnosine. 

As regard the serum creatinine the 

other studied parameter for renal 

function, it was found that the mean 

values levels was also significantly 

higher in the group III compared with 

all other studied groups (P<0.0004). 

However, this significance was found 

only between group III and both the 

control groups. Asci et al., 2017 

described similar results one side, and 

on the other side Armagan et al., 2015 

stated that serum creatinine levels were 

significant in MTX group as compared 

to all other studied groups.  
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SOD is an important antioxidant 

enzyme against the deleterious effects 

of ROS such as lipid peroxidation 

(Wang et al., 2007). The serum mean 

value of SOD activity levels in this 

study was relatively higher in the MTX 

group compared with the other studied 

groups (P>0.05) which can be 

attributed to the oxidative damage 

caused by MTX. In a similar study, 

Yuksel et al., 2017 showed that both 

serum and tissues SOD levels were 

higher in methotrexate group compared 

with the other studied groups and only 

the serum SOD was significant. In 

contrast, Savran et al., 2017 found a 

significant increase in the serum SOD 

in the MTX group compared to other 

groups in their study. 

MDA is an indicator of free radical 

generation and lipid peroxidation 

(Young et al., 2001). It is also well 

established that MDA causes protein 

damage by means of reaction with 

lysine amino groups, cysteine 

sulfhydryl groups and histadine 

imidazole groups. Thus MDA levels 

forms a useful point for correlation with 

organ affection (Brunner et al., 1995). 

Regarding the serum mean value of 

MDA levels in this study, MTX group 

exhibited significantly higher levels 

than all other groups (P<0.0001). 

Interestingly, the serum mean value of 

MDA levels in the carnosine group was 

significantly lower than the negative 

control group. This result emphasizes 

on the protective antioxidant properties 

even under physiological states. Yuksel 

et al., 2017 reached the same results 

denoting the beneficial effects of 

carnosine in reducing the process of 

lipid peroxidation resulting from MTX 

administration.  

Histopathological studies showed 

that the methotrexate group exhibited 

marked to moderate glomerulosclerosis 

and renal tubular damage, the renal 

tubules showed proteineous material, in 

addition to infiltration by inflammatory 

cells which ranged between moderate 

to marked. The renal damage in the 

MTX group was considered significant 

as compared with the three other 

studied groups (P<0.0001). The 

administration of carnosine attenuated 

the renal damage and the renal tissues 

showed normal renal architecture up to 

mild glomerulosclerosis, mild tubular 

damage, and mild inflammatory 

reaction. Several studies such as Uzar 

et al., 2006; Asci et al., 2017; Yuksel 

et al., 2017 showed similar 

histopathological results indicating the 

associated oxidative stress in MTX 

intoxication and the positive potentials 

of carnosine as a potent antioxidant that 

protected the renal tissues against the 

oxidative stress induced by MTX.  

 

CONCLUSION 
The present study demonstrates the 

renal protective and antioxidant effects 

of carnosine through acting as a potent 

scavenger for free radicals and limiting 

lipid peroxidation 
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 الملخص العربى
ة الىبتجة عه الذور الوقبئى لمبدة الكبرووزيه فى حمبية الكلى مه الاكسذ

 الميثوتركسيت فى الفئران
 هحود عدلي و أحود الشطورى و هناء الزاهد وجورج هرقص*

 قسن الطب الشرعي والسووم وقسن الكوياء الحيوية* 

 كلية الطب جاهعة القاهرة

 

حسخخذو يبدة انًيثٕحشكسيج بدشعبث كبيشة فٗ علاج عذد يٍ انسشغبَبث يثم انهٕكيًيب ٔانهيًفٕيب ٔسشغبٌ 

انثذٖ. ٔكزنك حسخخذو بدشعبث أقم نعلاج الآيشاض انشٔيبحيضييت كبنضئبقّ. ٔيٍ أشٓش اندٕاَب انسهبيت 

نهًيثٕحشكسيج ْٕ حأثيشْب انسهبٗ عهٗ انكهٗ. ٔقذ َسب رنك إنٗ انخأثيش انًببشش نهًبدة ٔظحط يبدة انفٕنيك 

لا نهقعبء عهٗ الآيشاض انًخخهفت انُبحدت ٔأخيشا شٕاسد الاكسديٍ.ٔحعخبش يعبداث الاكسذة يٍ أكثش الآدٔيت حذأ

عٍ شٕاسد الآكسديٍ انخٗ حخكٌٕ يٍ عًهيبث الآكسذة انًسخًشة داخم اندسى. اسخٓذفج انذساست انذٔس انٕقبئٗ 

نهكبسَٕصيٍ فٗ يقبٔيت الآثبس انسهبيت نهخسًى ببنًيثٕحشكسيج فٗ انكهٗ ٔقذ أخشيج ْزِ انذساست عهٗ ركٕس انفئشاٌ 

ٌ فأسا( نًذة اسبٕع. ٔقذ حى حقسيى انفئشاٌ ببنخسبٖٔ إنٗ اسبعت يدًٕعبث. الآٔنٗ ْٗ انًدًٕعت انبيعبء )أسبعٕ

يدى/ كدى( ببنفى خلال 5انعببطت . انًدًٕعت انثبَيت ْٗ انًدًٕعت انعببطت انًٕخبت ٔقذ حُبٔنج انكبسَٕصيٍ )

 ( ببنحقٍ داخم انبشيخٌٕ خشعت ٔاحذة.يدى/ كدى00يذة انذساست. ايب انًدًٕعت انثبنثت فقذ أعطيج انًيثٕحشكسيج )

ٔأخيشا انًدًٕعت انشابعت ٔقذ أعطيج كم يٍ انًيثٕحشكسيج ٔانكبسَٕصيٍ بُفس اندشعبث ٔانطشق انسببقت. حًج 

دساست ٔظبئف انكهٗ ٔيعبداث الآكسذة كذنيم عهٗ الآكسذة انحفضيت.ٔقذ كشفج انذساست أٌ انًيثٕحشكسيج 

حفبع رٔ دلانت احصبئيت فٗ ٔظبئف انكهٗ بدبَب سصذ صيبدة بيشٔكسيذاث انذٌْٕ )انًدًٕعت انثبنثت( يؤدٖ إنٗ اس

يًب يؤدٖ إنٗ ظًٕس انخلايب انكهٕيت. ٔأظٓشث انًدًٕعت انشابعت )انًيثٕحشكسيج يع انكبسَٕصيٍ( ححسٍ رٔ 

ذ حأكذث ْزِ دلانت احصبئيت فٗ ٔظبئف انكهٗ ٔيعبداث الاكسذة فٗ انذو ٔرنك ببنًقبسَت ببنًدًٕعت انثبنثت. ٔق

انُخبئح انًعًهيت ببنُخبئح انًيكشٔسكٕبيت ، حيث أظٓش انفحص انًيكشسكٕبٗ ٔخٕد حغيشاث ظًٕسيت يخخهفت يع 

حشسببث بشٔحيُيت بقطبعبث يٍ انكهٗ َبحدت عٍ حُبٔل انًيثٕحشكسيج. ٔقذ أظٓشِ انكبسَٕصيٍ عُذ أعطبئّ ححسُُب 

يٍ انٕقبئٗ كًعبد نلأكسذة ٔرنك نقذسحّ عهٗ حُقيت اندسى يٍ يهحٕظب رٔ دلانت احصبئيّ يًب يثبج دٔس انكبسَٕص

 شٕاسد الأكسديٍ.


