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Abstract 
Methotrexate, a folic acid antagonist, is a chemotherapeutic agent frequently employed in treating certain 

forms of cancer. Nephrotoxicity caused by high-dose Methotrexate is a medical emergency due to the delayed 

renal excretion of Methotrexate. Chromium is a trace element found in certain foods and the environment. The 

primary function of chromium is to regulate glucose levels, which is used as a supplement by people with type 2 

diabetes Mellitus. The current study aims to evaluate the renal therapeutic effect of chromium against 

Methotrexate-induced Nephrotoxicity in rats. Thirty-two Wistar rats were allocated into four groups and treated 

as Group-1 (Control group): The rat was administered distilled water orally as a vehicle for eight consecutive 

days. Group-2 (Induction group): Methotrexate was injected in rats at a single dose of 20 mg/kg intraperitoneally 

on the first day. On the following days, the rats received distilled water for seven days. Group-3 (Chromium 2mg): 

methotrexate injected Rats at a dose of 20 mg/kg intraperitoneally, as a single dose on the first day. On the 

following days, the rats received Chromium picolinate at a dose (2mg/kg) orally by oral gavage for seven days. 

Group-4 (Chromium 4mg): Methotrexate injected in rats at a dose of 20 mg/kg intraperitoneally, as a single dose 

on the first day. On the following days, the rats receive Chromium picolinate at a dose (4mg/kg) orally by oral 

gavage for seven days. The levels of creatinine, blood urea nitrogen (BUN), and malondialdehyde (MDA) were 

evaluated with the assessment of gene expression of superoxide dismutase-1   (SOD-1) enzyme for all studied 

groups. The results indicated that injection (20mg/kg) of Methotrexate caused a significant increase in creatinine, 

BUN, and MDA, with a significant reduction in the expression of SOD-1. Interestingly, treatment with chromium 

picolinate (2mg/kg) and (4mg/kg) showed significant drops in creatinine, BUN, and MDA with a significant 

elevation in SOD-1 expression compared to Methotrexate-treated rats. The current investigation revealed that the 

administration of chromium to rats has a beneficial impact on reducing Nephrotoxicity generated by Methotrexate. 

This is achieved by enhancing the antioxidant defenses of the kidneys. 
Keywords: Antioxidants, Nephrotoxicity, Chromium picolinate, Methotrexate, Creatinine.

Introduction  
Acute kidney injury (AKI) is defined by a 

sudden rise in blood creatinine levels, a reduction in 

urine output, or perhaps both (1,2). AKI is observed 

in approximately 10-15% of hospitalized patients. 

Renal dysfunction or damage may develop over an 

extended period or as a consequence of traumatic 

renal injury on a continuum of acute and chronic 

kidney disease (2). Acute kidney injury (AKI) is a 

complication that is becoming more prevalent 

among patients who are hospitalized for an acute 

illness (3). Nephrotoxicity is the third most prevalent 

cause of acute kidney disease (AKD), and it has 

become increasingly severe in recent decades as a 

result of the increased use of drugs that have the 

potential to cause kidney injury. Studies have 

demonstrated that critical patients are exposed to 

nephrotoxic drugs at a rate of up to 20% (4). Many 

medicines have been documented to cause acute 

kidney injury (AKI), which reduces the therapeutic  

 

utility of these treatments (5). Among these agents, 

methotrexate (MTX), has been effectively employed 

for over sixty years, administered in large doses to 

treat different forms of cancer and at lower doses to 

manage autoimmune disorders. MTX, when used at 

high doses, can lead to significant acute renal 

damage in around 12% of individuals (6). 

Nephrotoxicity caused by high-dose Methotrexate 

(HDMTX) is a medical emergency due to the 

delayed renal excretion of MTX. The protracted 

exposure to high concentrations of the drug can 

result in severe and life-threatening toxicity (7). 

Methotrexate -induced nephrotoxicity is thought to 

happen in two main ways. MTX and its byproducts 

build up in the kidney tubules, which leads to crystal 

nephritis. Nephropathy is initially characterized by 

elevated blood creatinine levels that do not produce 

any identifiable symptoms, and it subsequently 

progresses to tubular necrosis. 
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The second mechanism is attributed to the 

oxidative stress (OS) that produced by MTX which 

has a nephrotoxic effect on renal tubules, which is a 

consequence of the increase in reactive oxygen 

species (ROS) which lead to cellular damage in 

renal tissues (8) which is also considered as the 

primary cause of MTX nephrotoxicity (9). The two 

proposed mechanisms of MTX nephrotoxicity differ 

in that the first mechanism causes a crystal nepritis 

due to accumulation of MTX and its metabolite 

within the kidney tubules whereas the second 

mechanism causes a cellular damge as a 

consequence of ROS production. Although MTX 

has side effects, it is a potent chemotherapeutic drug. 

Therefore, research should focus on avoiding and 

treating its adverse consequences (10). Trivalent 

chromium (Cr (III)) is a crucial trace mineral that 

has gotten much attention lately (11). Concerns that 

people may not get enough Cr have led to research 

into the possible positive effects of supplementing 

with Cr on the health and function of animals and 

people because it performs a proactive function in 

the metabolic processes of carbohydrates, lipids, and 

proteins (11). There are several types of chromium, 

the most common being trivalent and hexavalent. 

On one hand, industrial exposure to chromium can 

be hazardous and cause bronchitis and asthma due 

to the hexavalent form, which is known to be toxic 
(12). Conversely, chromium picolinate (CrPic) is a 

trivalent chromium compound with a high 

bioavailability that is frequently prescribed to those 

who have issues with their metabolism of 

carbohydrates, such as insulin resistance and type 2 

diabetes mellitus (DM2) (13). Chromium plays a 

crucial role in the metabolism of proteins, lipids, and 

carbohydrates by enhancing the effectiveness of 

insulin (14). The primary function of chromium is to 

activate apochromodulin to chromodulin which is 

capable of binding to the insulin receptor thereby 

resulting in amplification of insulin signaling which 

in turn regulates glucose levels. In addition to the 

physiological changes, such as changes in body 

composition and enhanced training performance, 

CrPic also shows beneficial effects on 

cardiovascular diseases, cholesterol levels, 

antioxidant capacity, and anti-inflammatory 

capacity. It also regulates behavioral patterns like 

anxiety and depression (13).  

Since chromium has these benefits, it should 

be considered a possible renoprotective addition to 

the standard MTX treatment. Understanding these 

factors led to the current study, which looked at 

whether chromium could help protect rat kidneys 

from damage caused by MTX, indicating that it 

might be able to lower OS. 

 The current investigation aimed to assess the 

therapeutic effect of chromium picolinate against 

methotrexate-induced Nephrotoxicity in a rat model. 

 

 

Materials and Methods 
 

Materials 

Methotrexate (50mg/5ml) was supplied from 

Pfizer, USA and Chromium was supplied from 

Source Natural, USA. 
 

Animal  

In this investigation, 32 adult male rats with 

a weighing range between (150-200g) were 

maintained in cages under controlled conditions of 

humidity, temperature, and light periodicity (12-

hour cycle of light and dark) at the Animal 

Experimental and Scientific House in the College of 

Pharmacy, Baghdad University. They were provided 

with commercial food and potable water as needed 

throughout the experiment.  
 

Experimental protocol 

The study received approval from the 

Scientific and Ethical Committees of the Baghdad 

University - College of Pharmacy. A total of thirty-

two adult waster rats were divided into four groups, 

with each group consisting of eight rats. Each group 

was assigned specific treatments as follows: 
1. Group 1 (Control group): The rat was 

administered distilled water orally as a vehicle for 

eight consecutive days. 
2. Group 2 (Induction group): MTX injected Rats at 

the dose of 20 mg/kg intraperitoneally, as a single 

dose. On the first day as demonstrated by the 

previous study which stated that this dose produced 

a significant induction of nephrotoxicity (15). On the 

following day, the rats received distilled water for 

seven days.  

3. Group 3 (Chromium (pic)3 2mg+MTX20mg): 

MTX injected Rats at a dose of 20 mg/kg 

intraperitoneally, a single dose on the first day. On 

the following day, the rats received Chromium 

picolinate at a dose (2mg/kg body weight) orally by 

oral gavage for seven days which is proposed in a 

previous research with significant results (16). 

4. Group 4 (Chromium (pic)3 4mg+MTX20mg): 

MTX injected Rats at a dose of 20 mg/kg 

intraperitoneally, a single dose on the first day. On 

the following day, the rats received Chromium 

picolinate at a dose ( 4mg/kg body weight ) orally 

by oral gavage for seven days (16). 
 

Collection of samples and preparation of kidney 

tissue homogenate 

Twenty-four hours after the last drug 

administration, All the rats were euthanized by 

dislocating their necks while they were under the 

effects of diethyl ether anesthesia. After 

euthanization, the samples of blood (7-8 ml) were 

obtained from the jugular vein (near the Throat or 

neck) under diethyl ether anesthesia (17). The blood 

sample was transferred into a Serum separator tube 

and stored at room temperature  (25℃) for 30 

minutes to clot. Then, it was centrifuged at 3000 rpm 

/15 min to obtain serum. The supernatant was then 
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transferred as 250 μl aliquots into appropriately 

labeled microcentrifuge tubes and kept at −20°C (18). 

The preserved serum samples were used to quantify 

the concentrations of creatinine and blood urea 

nitrogen (BUN). 

The kidney was quickly removed, thoroughly 

washed with extremely cold phosphate buffer saline 

(PBS) to remove any extra blood, and then weighed 

and cut into little pieces. The kidney tissue was then 

homogenized by adding 0.9 mL of PBS (pH 7.4) to 

a tube containing 0.1 g of kidney tissue. Following 

homogenization using a homogenizer, the materials 

were centrifuged for 10 minutes at 10000 rpm in a 

cool centrifuge 4ᵒC. The fluid supernatant was then 

collected and stored at -20ᵒC till analysis. The 

supernatant was used to evaluate malondialdehyde 

(MDA) using MDA ELISA kit. The principle of this 

assay is based on the quantitative sandwich ELISA 

technique. The microplate provided with this kit had 

been precoated with purified antibodies specific for 

rat MDA and the detecting antibody was a 

polyclonal antibody labelled with biotin levels 

according to manufacturers' procedures 

(MyBioSource)  (19). Another part of the supernatant  

was used for the estimation of (SOD) by (RT-qPCR) 

method (20). 

Gene expression analysis 

The gene expression study of SOD was 

conducted by quantifying mRNA levels in kidney 

tissue using a common method termed quantitative 

reverse transcription-polymerase chain reaction 

(qRT-PCR) (21).The TransZol up plus RNA Kit 

(TransGen, biotech) was used to separate total RNA 

from kidney lysates that had been mixed with 

TRIzol. Following that, the EasyScript® one-step 

gDNA removal and cDNA synthesis (TransGen, 

biotech) technique was used to synthesize 

complementary DNA (cDNA) (22). Whole gene 

expression procedure performed with the use of 

RNase free water that included in the kit contents. 

              GAPDH was used as a control gene in 

SYBR Green Supermix (TransGen, biotech) to 

measure the amounts of mRNA expression. The 

sequence of the primers used in this study is in 

“Table 1”. 

 

 

Table 1. Genes for the primers 

Primer Sequence 5ʹ→3ʹ direction 

GAPDH Forward 

GAPDH Reverse 

CCATCAACGACCCCTTCATT 

CACGACATACTCAGCACCAGC  

SOD Forward 

SOD Reverse 

AGGGCGTCATTCACTTCGAG 

CTCTCTTCATCCGCTGGACC  
 

Biochemical analysis 

Serum levels of kidney function indicators, 

such as blood urea nitrogen (BUN) and creatinine 

(sCr), were quantified using ELISA kits. The kits 

were utilized in strict accordance with the 

instructions provided by their producers. To assess 

the balance between oxidants and antioxidants in the 

tissue, the levels of MDA were quantified in the 

kidney tissue homogenate using the sandwich 

ELISA technique, following the instructions 

provided by the kit's manufacturer (23). The gene 

expression study of SOD was conducted using a 

standard quantitative reverse transcription-

polymerase chain reaction (qRT-PCR) method to 

quantify the mRNA levels in kidney tissue (21). 
 

Statistical analysis  

The statistical analysis results performed 

with SPSS software version 25 were shown as 

Mean± Standard Deviation (SD). A one-way 

ANOVA with Tukey's post hoc test was used to 

compare data from different groups as we compared 

four groups and Tukey post hoc test used to assess 

the significance of differences between pairs of 

group means. Statistical significance was 

determined at a level of P<0.05 across all groups. 

 

 

 

Results 
Effects of chromium on serum levels of creatinine  

“Table 2” and “Figure. 1” show that the 

administration of rats with Methotrexate at a dose of 

(20mg/kg) led to a significant elevation in the serum 

levels of creatinine in the MTX group II as 

compared to the control group I (P<0.05). At the 

same time, after chromium treatment, a significant 

decrease is observed when comparing group 

III(chromium 2mg+mtx20mg) and group 

IV(chromium4mg+mtx20mg) with the MTX group 

(P<0.05). Moreover, there was no significant 

difference between groups III (chromium 

2mg+mtx20mg) and IV (chromium4mg+mtx20mg) 

(p>0.05). 
  

Effects of chromium on the serum levels of blood 

urea nitrogen (BUN) 

 “Table 2” and   “Figure. 2” show that 

injection rats with Methotrexate at a dose of 

(20mg/kg) led to a significant increase in the levels 

of BUN in the MTX Group II as compared to the 

control group I (P<0.05). At the same time, a 

significant decrease is observed when comparing 

group III (chromium 2mg+mtx20mg) and group IV 

(chromium4mg+mtx20mg) with the MTX group 

(P<0.05). Moreover, there was a significant 

difference between treated groups Group III and 

Group IV (P<0.05). 
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Figure 1. Effects of chromium on serum creatinine levels against methotrexate-induced Nephrotoxicity in 

male rats. 

 

 
Figure 2. Effects of chromium on blood urea nitrogen (BUN) levels against methotrexate-induced 

Nephrotoxicity in male rats. 

Table 2. The effect of chromium on the serum level of creatinine and BUN 
 

Groups Creatinine (mg/dl) BUN(mg/dl) 

Group I Negative control group 0.46±0.31 1.91±0.90 

Group II MTX group 1.81±0.43* 6.90±0.35* 

Group III Chromium 2mg +MTX 0.86±0.13 #A 3.22±0.12 *#B 

Group IV Chromium 4mg +MTX 0.61±0.19  #A 2.05±0.15 #B  

In this table, Data are expressed as Mean ± STD, the number of rats in each group =8.  

Superscript (*) indicates a significant difference when compared to group I (control) (P<0.05).  

Superscript (#) indicates a significant difference when compared to group II (MTX group) (P<0.05).  

Identical capital letter (A) indicated there are no significant differences between test groups (p>0.05) 

Identical capital letter (B) indicated there are significant differences between test groups (p<0.05) 
 

Effects of chromium on the serum levels of 

malondialdehyde (MDA) 

“Table 3” and “Figure. 3” show that there is 

a significant elevation in the levels of MDA in the 

MTX  group   as  compared  to  the  control  group  
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+mtx20mg) with the MTX group (P<0.05). 

Moreover, there was a significant difference 

between group III and group IV (p<0.05). 

Effects of chromium on the expression of 

superoxide dismutase-1 (SOD-1)   

In “Table 3” and “Figure. 4” shows that there 

is a significant decrease in the levels of SOD 

expression in the group II MTX group as compared 

to the group I control group (P<0.05). At the same 

time, no significant difference was observed when 

comparing group III(chromium 2mg+mtx20mg) 

with the MTX group    (P>0.05). Interestingly, in 

the same table, there was a significant difference 

when the expression of SOD in group IV(chromium 

4mg+mtx20mg) when compared to the MTX group   

(P<0.05). Moreover, there was no significant 

difference between groups III and IV (P>0.05). 

 

 

 

 

 

 

 

 

 

  

 

 

 

 
 

Figure 3. The effect of treatment with chromium on MDA levels against methotrexate-induced 

Nephrotoxicity in male rats. 

 

 

Figure 4. Effects of chromium on superoxide dismutase (SOD) expression against methotrexate-induced 

Nephrotoxicity in male rats. 
 

Table 3. The effect of treatment with chromium on the levels of malondialdehyde (MDA) and superoxide 

dismutase (SOD-1) mRNA expression against methotrexate-induced Nephrotoxicity in male rats. 

Groups MDA (mmol/L) SOD mRNA (folds) 

Group I Negative control group 361.40±174.58 1.11±0.50 

Group II MTX group 978.03±25.87 * 0.27±0.11 * 

Group III Chromium 2mg +MTX 781.48± 82.59 *#B 0.42±0.23 *A 

Group IV Chromium 4mg +MTX 247.52±40.14 #B 0.61±0.21 #A 

In this Table, Data are expressed as Mean ± STD, the number of rats in each group =8.  

Superscript (*) indicates a significant difference when compared to group I (control) (P<0.05).  

Superscript (#) indicates a significant difference when compared to group II (MTX group) (P<0.05).  

Identical capital letter (A) indicated there are no significant differences between test groups (p>0.05) 

Identical capital letter (B) indicated there are significant differences between test groups (p<0.05) 
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Discussion 

Acute kidney injury (AKI) is a significant 

medical condition that can lead to end-stage renal 

disease (ESRD) with potentially fatal outcomes if 

not correctly identified and managed (24). The 

primary cause of AKI is nephrotoxic medications, 

which are medicinal substances that have adverse 

side effects and impair renal function (25). Research 

has demonstrated that large dosages of MTX can 

result in uremia, hematuria, elevated blood 

creatinine levels, and acute renal failure. After MTX 

treatment, renal impairment is the most prevalent 

adverse effect (26). The typical presentation includes 

non-oliguric renal failure, defined by a sudden 

increase in serum creatinine levels during or 

immediately after MTX infusion. There may also be 

symptoms such as bone marrow suppression, liver 

fibrosis, pneumonitis, homoeopathy, baldness, 

nausea, vomiting, and Diarrhea (27). It is still unclear 

how MTX causes Nephrotoxicity. However, they 

discovered that the main reason for tissue 

destruction caused by MTX is oxidative damage, 

which can produce free radicals. It is known how 

oxidative stress (OS) contributes to MTX-induced 

Nephrotoxicity (28). Furthermore, researchers 

demonstrated that MTX boosted the formation of 

reactive oxygen species by overpowering 

homocysteine remethylation, NADPH depletion, 

neutrophil stimulation, NADPH oxidase activation, 

and mitochondrial dysfunction (29). Results of the 

present research revealed that the administration of 

chromium following MTX treatment effectively 

mitigated kidney damage by reducing OS. Urea and 

creatinine are good markers of appropriate kidney 

function and increases of them in the serum are 

symptoms of renal impairment (30, 31). Blood urea 

nitrogen (BUN) and serum creatinine levels were 

significantly higher in the MTX induction group 

than in the control group which indicated that there 

may be a slight blockage in excreting urea in kidney 

disease patients and an impairment of renal function 

caused by a decrease in GFR or an obstruction that 

interferes with urine excretion.  This study 

demonstrates that the administration of CrPic for 

seven days resulted in a substantial reduction in 

serum creatinine, BUN levels in the CrPic group 

compared to the MTX group which is compatible 

with a result obtained previously which 

demonstrated that after eight weeks of CrPic 

administration, serum creatinine, BUN, and urinary 

albumin all significantly decreased in the CrPic-

treated group, compared to the diabetic nephropathy 

group (32). Additionally, another study conducted on 

diabetic male mice demonstrated that high doses of 

CrPic causes moderate reduction in albuminuria 

with a slight improvement in the creatinine 

clearance (33). The present study proposes that CrPic 

restore renal function in rats by reducing the adverse 

reactions induced by MTX. Oxidative stress is 

common in people with AKI and is thought to be an  

 

essential inflammatory process. Oxidative stress 

happens when the production of free radicals is out 

of balance, often caused by mitochondria 

dysfunction (34). MDA is a substance that is 

produced as a result of the breakdown of fats (lipid 

peroxidation) in the body. Therefore, evaluating the 

concentration of MDA in the kidneys can provide 

information on the level of damage to the kidney 

cells. It is commonly known that OS plays a 

significant role in the pathophysiology of renal 

damage caused by MTX (35). The results of this study 

confirm that the kidney of the MTX group exhibited 

a decrease in SOD expression and an increase in 

MDA. These findings may indicate that the kidney 

is undergoing a disrupted redox balance, a formation 

of reactive oxygen species (ROS), and an increase in 

lipid peroxidation in rats. Following seven days of 

CrPic therapy, MDA levels stabilized, and SOD 

activity went back to normal. This implies that CrPic 

reduces the oxidative stress and serve as restoring 

agent against Nephrotoxicity. The present study 

found that a high dose of chromium (4 mg/kg) 

significantly reduced MDA, SOD, BUN, and 

creatinine levels. Conversely, a lower chromium 

2mg/kg dose was less effective in achieving these 

outcomes. The explanation of the role of CrPic in 

restoring renal functions assumed to be the result of 

its anti-oxidant activity that comfirmed by the 

results of the present study which showed significant 

reduction in the MDA levels with a significant 

increase in the expression of SOD-1 enzyme which 

is considered as strong evidence that support the 

previously demonstrated results. Previous studies 

demonstrated that the administration of CrPic 

showed an antioxidant and anti-inflammatory effect 

which is reflected in the histological improvement 

of the renal tissues and support the renal 

performance (32,33). 
 

Conclusion  
It was concluded that the administration of 

CrPic can improve the kidney function parameters 

that include creatinine and BUN and reduces the 

oxidative stress and serve as restoring agent against 

Nephrotoxicity as it causes a decrease in the levels 

of creatinine, BUN, and MDA with an increase in 

the levels of SOD expression which may indicate 

that chromium in a trivalent form can be used as 

promising protective agent against MTX-induced 

nephrotoxicity.   
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 نموذج الجرذان يلبيكولينات الكروم في التسمم الكلوي المحدث بالميثوتريكسيت ف الوقائي التأثير 

 2علي فارس حسن و 1*،جيهان نجم الدين فرحان
 العراق . ، كركوك ،دائرة صحة كركوك  ، وزارة الصحة 1
 العراق. ،   بغداد، جامعة بغداد  ،كلية الصيدلة   ،  فرع الادوية والسموم2

 الخلاصة 
الميثوتريكسات، وهو أحد مضادات حمض الفوليك، هو علاج كيميائي يستخدم بشكل متكرر في علاج أشكال معينة من السرطان. السمية الكلوية  

الميثوتريكسيت هي حالة طبية طارئة بسبب تأخر إفراز الميثوتريكسيت عن طريق الكلى. الكروم هو عنصر نادر  الناجمة عن جرعة عالية من 

والبيئة الأطعمة  بعض  في  الرئيسية  موجود  العلاجية  ووظيفته  الجلوكوز  المحيطة  مستويات  تنظيم  الأشخاص   حيث  هي  قبل  من  كمكمل  يستخدم 

 للكروم ضد التسمم الكلوي الناجم عن الميثوتريكسيت في الجرذان.  العلاجيهدفت هذه الدراسة إلى تقييم التأثير   .2المصابين بداء السكري من النوع  

  جرذتم إعطاء الحيث    المجموعة الضابطة )السيطرة(  كالتالي:إلى أربع مجموعات  تم تقسيمهم  ويستار  نوع    ن جرذ مناثنين وثلاثي  شملت هذه الدراسة

 ملغم/كغم   20بجرعة وحيدة قدرها    الصفاقتم حقن الميثوتريكسيت في    حيثة   ز  ف  ح  م  المجموعة ال  ، الماء المقطر عن طريق الفم لمدة ثمانية أيام متتالية 

  (كغم من وزن الجرذ/ملغ  2المجموعة الثالثة )كروم    ، الماء المقطر لمدة سبعة أيام   الجرذان، تلقت  ة التالي  لأيامفي اليوم الأول. وفي    من وزن الجرذ

تم الأول  20بالميثوتريكسات بجرعة    حقنهم  شملت جرذان  اليوم  في  واحدة  الصفاق، جرعة  داخل  تلقت    ةالتالي  الأيام في  و    ملغم/كغم    الجرذان ، 

الكروم بجرعة ) الفم  من وزن الجرذ  ملغم/كغم   2بيكولينات  أيام   باستخدام( عن طريق   4المجموعة الرابعة )الكروم    ، الأنبوب الفموي لمدة سبعة 

 الجرذان ، تلقت    ةالتالي  الأيامفي  و    ملغم/كغم داخل الصفاق بجرعة واحدة في اليوم الأول  20الميثوتريكسات بجرعة    حقنهم  شملت جرذان تم(:  كغم/ملغ
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الكرياتينين ونيتروجين يوريا وتم قياس معدلات    لمدة سبعة أيام.  الفموي  الأنبوب  باستخدامملغم/كغم( عن طريق الفم    4بيكولينات الكروم بجرعة )

أشارت نتائج هذه الدراسة إلى  لكل المجموعات التي شملتها الدراسة.  -فوق أكسيد ديسموتازلانزيم    التعبير الجينيمع تقييم نسب  الدهيد  والمالوندي  الدم

ير  التعبملغم/كغم( أدى إلى زيادة معنوية في الكرياتينين ونيتروجين يوريا الدم والمالونديالدهيد وانخفاض معنوي في    20أن حقن الميثوتريكسات )

م( أظهرت انخفاضًا معنوياً غم/ك غمل  4م( و )غم/كغمل  2. ومن المثير للاهتمام أن المعاملة ببيكولينات الكروم )1-فوق أكسيد ديسموتازالجيني لانزيم  

قارنة بالجرذان المعالجة م  1–سوبر أكسيد ديسموتاز    التعبير الجيني لانزيم  في الكرياتينين ونيتروجين يوريا الدم والمالونديالدهيد وزيادة معنوية في

له تأثير مفيد على تقليل السمية الكلوية الناتجة عن الميثوتريكسيت. ويتحقق ذلك من  جرذانللأظهر البحث الحالي أن إعطاء الكروم  بالميثوتريكسات.

 خلال تعزيز الدفاعات المضادة للأكسدة في الكلى.
 . ، كرياتينينالكلوية، بيكولينات الكروم، الميثوتريكسيتمضادات الأكسدة، السمية المفتاحية:  الكلمات

 


