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Abstract
Methotrexate is used for cure of many cancer types. It has many side effects. For this reason, obtaining a nephroprotective 
agent is obligatory. In the study, our aim is to determine probable effects of Vitamin B12 on MTX caused kidney damages in 
rats. Rats were randomly divided into 4 groups, including 8 animals in each group. Control group, VitB12 group (3 μg-kg-ip 
B12 throughout 15 days), MTX group (at the 8th day of experiment, a single dose of 20 mg-kg-ip MTX), Vit B12 + MTX 
group (3 μg-kg-ip B12 throughout 15 days and at the 8th day of experiment, a single dose of 20 mg-kg-ip MTX) Animals 
were anesthetized and kidney tissues were removed to evaluate biochemically, immunohistochemically and histopathology-
cally. There were histopathological deteriorations, rises of apoptotic cells, expressions of heat shock proteins, endoplasmic 
reticulum stress and inflammation markers in the MTX group. In the MTX group, Superoxide Dismutase (SOD), Total 
Antioxidant Status (TAS) and Catalase (CAT) levels decreased, but Total Oxidant Status TOS, Malondialdehyde (MDA) and 
interleukin-6 (IL6) levels increased. In addition, there was amelioration in kidney tissue in Vit B12 + MTX group compared 
to the MTX group. We suggest that Vit B12 can be used to reduce the toxic effects of MTX.
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Introduction

Although chemotherapeutic drugs can cause toxicity, they 
are important drugs used in essential diseases such as cancer. 
Methotrexate (MTX) is one of them. MTX, used as anti-
cancer drug, has significant toxic effects on life-sustaining 
organs such as liver and kidney (Aslankoc et al. 2020) For 
this reason, obtaining a nephroprotective agent is obligatory.

Vitamin B12 (Vit B12- cobalamin) is a water-soluble 
compound that assists make blood cells and DNA (Greibe 
et al. 2018) Cobalamin deficiency produces clinical dis-
orders that include mainly megaloblastic anaemia, central 

and peripheral neurological manifestations. In fact, there are 
studies showing that cobalamin intake improves damaged 
organs (Pannérec et al. 2018) Therefore, cobalamin is crucial 
for the maintenance of daily life.

Methotrexate (MTX), used in the treatment of osteosar-
coma, breast cancer and acute lymphocytic leukemia, is a 
folate antagonist (Moodi et al. 2020) MTX, as a dihydrofolic 
acid analogue, inhibits the dihydrofolate reductase (DHFR) 
enzyme which catalyses the conversion of dihydrofolate to 
the active tetrahydrofolate in the tetrahydrofolate synthe-
sis. MTX, therefore, inhibits the RNA, DNA, thymidylate, 
protein synthesis and ultimately leads to apoptosis. Unfor-
tunately, MTX has toxic side effects not only against can-
cer cells but also normal cells. Folic acid, essential for the 
growth of cells, is a water-soluble B-vitamin (Karabulut 
et al. 2020) For this reason, enough folate intake may be 
substantial in prohibiting MTX caused kidney damages (Cal-
vert 2002)

Molecular chaperones provide the accurate folding of 
proteins synthesized in the cell, frustrate their aggregation 
and ensure protein homeostasis (Dahiya and Buchner 2019) 
Protein folding and production may be influenced in the 
existence of nonphysiological several chemicals and high 
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temperatures (Karabulut et al. 2021) Additively, disrupted 
protein synthesis leads endoplasmic reticulum stress in the 
cell. Glucose regulated protein 78 chaperon arranges endo-
plasmic reticulum stress (ERS) (Elfiky et al. 2020) Sustained 
ERS causes apoptosis (Iurlaro and Muñoz-Pinedo 2016)

MTX is known to cause inflammation, mitochondrial 
damage, increase cell death, ERS, heat shock proteins and 
lipid peroxidation in rat kidney (Aladaileh et  al. 2019; 
Mahmoud et al. 2019) In our study, we aimed to investi-
gate in the possible cell death, inflammation, endoplasmic 
reticulum stress (ERS) in the kidney and the oxidant/anti-
oxidant leves in the cell after MTX-induced nephrotoxicity. 
We also form an estimate of the possible effects of Vit B12 
on nephrotoxicity.

Materials and methods

Experimental design

The study protocol was accepted by the Erciyes University’s 
Experimental Animal and Local Ethics Committee with 
date 2018, decision no: 18/116. In the present study, all the 
animals accepted human care according to standart guide-
lines. In this study, 32 male wistar albino rats (10 weeks 
old, weighing 220–240) were gotten from Experimental 
and Clinic Research Center, Erciyes University, Kayseri, 
Turkey. Rats were allowed ad libitum Access to food and 
water and kept at a 12-h light: dark cycle at room tempera-
ture (20–24 °C) Firstly rats were randomly divided into four 
groups as follows: The control goup (n = 8) was administered 
intraperitoneally (ip) saline throughout the experiment to 
this group, The Vit B12 group (n = 8) given 3 µg-kg-ip B12 
(15 days) per day throughout the experiment, MTX group 
(n = 8) injected with a single dose of 20 mg-kg-ip MTX on 
8 th day of experiment. The MTX + Vit B12 administered 
3 µg-kg-ip Vit B12 per day and 20 mg-kg-ip MTX 8 th day 
of experiment. At the end of the experiment, animals were 
anesthetized with 75 mg-kg-ip ketamine and 10 mg-kg-ip 
and they were euthanized after blood samples were col-
lected for serum isolation. Collected serum samples were 
centrifuged during 10 min at 3000 r-min. After euthaniz-
ing, kidney tissues were extracted from the animals for the 
histopathological and immunohistochemical examinations. 
Serum samples were kept at −80 °C for later biochemical 
assays.

Histopathological evaluation

The kidney tissues were fixed in % 4 formaldehyde fixa-
tive for histopathological evaluation. Following dehydration 
(50%, 70%, 80%, 96% and three times absolute alcohol) and 
clearing (xylene) embedded in paraffin. 5-µm-thick sections 

were stained with periodic acid schiff (PAS) Photographs 
were taken with a light microscope (Olympus BX51, Center 
Valley, PA, USA)

Immunohistochemistry

To determine the differences in expression of Caspase-3 
(Cas3) (ab4051, anti-caspase-3 antibody, abcam), Cyclooxy-
genase-2 (Cox-2) (E- AB- 30999, Elabsciens, China), Inter-
leukin 17 (IL-17), Tumor necrosis factor alpha (TNFα), 
HSP70 Heat Shock Protein 70 (HSP70) (sc-33575, Santa 
Cruz Biotechnology, Santa Cruz, CA), Heat Shock Pro-
tein 90 (HSP90) (PB9635; Boster Biological Technology, 
Pleasanton, CA), C/EBP Homologous Protein (CHOP, 
GADD153) (sc-56107, Santa Cruz Biotechnology, USA) 
and Glucose Regulated Protein (GRP78) (bs-1219R; Bioss) 
in kidney tissue, streptavidin-biotin-peroxidase method was 
used for marking. Under the light microscope (Olympus 
BX51, Center Valley, PA, USA) and images were obtained. 
Cas3, Cox-2, IL-17, TNFα, HSP70, HSP90, GADD153 
and GRP78 immunoreactivity were measured with image 
J programme.

Apoptosis (TUNEL)

The terminal deoxynucleotidyl transferase 20 -deoxyuridine, 
50 -triphosphate nick-end labeling (TUNEL) method was 
used to demonstrate apoptosis of kidney tissue, as previously 
described. An in situ Cell Death Detection Kit Fluorescein 
Kit (11684795910; Roche, Mannheim, Germany) was uti-
lized. After casing the tissues with a solution containing 
glycerol, they were all examined with the Olympus BX51 
fluorescence microscope at 450–500 nm wavelength. Cells 
were considered to be apoptotic when the cell nuclei dem-
onstrated positive TUNEL staining. For quantification of 
TUNEL positive cells, 10 fields per section were analyzed 
and counted at 400 fold magnification.

ELİSA assay

We centrifuged blood samples taken from rats at 10,000 g 
at 4  °C for 15  min. Total antioxidant status (TAS) 
(DZE201112672, Sunred Biological Technology Co., Ltd., 
96 wells ELISA kit, Shanghai, China), Total oxidant sta-
tus (TOS) (DZE201111669, Sunred Biological Technology 
Co., Ltd., 96 wells ELISA kit, Shanghai, China), Interleu-
kin 6 (IL6) (Cat. No: 201-11-0136, Sun Red), Superoxide 
dismutase (SOD) (Cat. No: 201-11-0169, Sun Red), Cata-
lase (CAT) (Cat. No: 201-11-5106, Sun Red), Malondial-
dehyde (MDA) (Cat. No: Cat. No: 201-11-0157, Sun Red) 
were measured in kidney tissue. The ELISA procedure was 
done according to the protocol recommended by the manu-
facturers. Creatinine and Uric acid values of blood serum 
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sample taken at the end of the experiment were analyzed by 
taking service in Erciyes University Central Biochemistry 
Laboratory.

Statistical analyses

All statistical analyses were carried out using SPSS sta-
tistical software (SPSS for Windows, version 24.0, SPSS 
Inc., Chicago, Illinois, USA) and graphs were drawn using 
GraphPad Prism 8.0 software. The Kolmogorov–Smirnov 
test was used to identify normal distribution of the data. In 
case of normal distribution, quantitative variables were com-
pared using one-way analysis of variance and Tukey’s post 
hoc test. The data were presented as the mean of normalized 
data + standard deviation of mean. The value of P < 0.05 was 
considered as statistically significant. Each experiment was 
repeated at least three times.

Results

Histopathological findings

Kidney tissues had normal histomorphology in the con-
trol and Vit B12 groups. Light microscopic examinations 
exhibited normal renal corpuscles and tubules in the both 
groups. Dilatation and epithelial desquamation in to the 
lumen of the tubules, dilatation of Bowman’s space, nar-
rowing of the glomerular were observed in MTX group. 
MTX + Vit B12 group exhibited normal renal histology 
(Fig. 1)

Immunohistochemical findings

Immunohistochemical staining was performed using the avi-
din–biotin method to determine the kidney tissue expres-
sions of ERS, inflammation, heat shock protein and apop-
tosis markers. Expressions of Cas3, GRP78, GADD153, 

Fig. 1   PAS staining of kidney tissue. A–B In control and Vit B12 
groups, normal kidney appearance were shown. C In MTX group, 
epithelial desquamation into the lumen of the tubules (black arrow), 

degeneration in epithelial cells (black arrow), dilatation in tubules, 
decrease in glomeruli, increase in bowman gap were showm (star) D 
In MTX + Vit B12 group, normal kidney architecture was exhibited
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HSP90, HSP70, Cox-2, IL-17 and TNFα were observed 
in the distal tubules and collecting ducts in MTX group 
(Figs. 2, 3) Expressions of the markers in the kidney of Vit 
B12 group were similar to those in the control group. In 
MTX + Vit B12 group, levels of the markers of were signifi-
cantly less compared to those in the MTX group (Table 1; 
Figs. 4 and 5) 

Biochemical findings

Evaluation of the SOD, CAT, MDA and IL6 levels

SOD level decreased slightly in MTX group. This decrease 
was not statistically significant compared to other groups 
(P > 0.05) The SOD level in MTX + Vit B12 group was simi-
lar to both the control and Vit B12 groups (Table 2)

CAT level was lower in the MTX group compared to 
the control group. This decrease was statistically impor-
tant (P < 0.05) The CAT level in the MTX + Vit B12 group 
decreased slightly, but the rate was not statistically substan-
tial compared to control group (Table 2).

MDA and IL6 levels were increased substantially in MTX 
group when compared to the control and Vit B12 groups 
(P < 0.05), (Table 2)

Evaluation of the oxidant/antioxidant system

TAS levels were lower in the MTX group compared to the 
other groups. However, TOS levels were importantly higher 
in the MTX group than in the other groups. There were no 
statistically importance in TAS and TOS levels among the 
other groups excluding MTX group (P > 0.05), (Table 2) 
There was also a decrease in TAS level in MTX + B12 group 

Fig. 2   Kidney tissue immunohistochemistry staining of all experi-
mental groups. The expressions intensities in the MTX groups were 
shown. Abbreviations: MTX Methotrexate, Vit B12 Vitamin B12, 

Cox-2 Cyclooxygenase-2, GADD153 C/EBP homologous protein, 
GRP78 Glucose regulated protein 78
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compared to control and B12 groups. Also, there was a 
significant increase compared to the MTX group. When 
the TOS level was examined, it was seen that there was a 

statistically significant decrease in the MTX + B12 group 
compared to the MTX group (P < 0,05)

Fig. 3   Kidney tissue immunohistochemistry staining of all experi-
mental groups. The expressions intensities in the MTX groups were 
shown. Abbreviations: MTX Methotrexate, Vit B12 vitamin B12, 

HSP90 Heat shock protein 90, HSP70 Heat shock protein 70, IL-17 
Interleukin 17, TNF-α Tumor necrosis factor alpha

Table 1   Immunohistochemistry 
results of experimental groups

Data are expressed as mean ± SD. P < 0.05 was considered as significant
There are no significant difference among groups with same letter (a, b, c)

Groups Control B12 MTX MTX + B12 P

Caspase-3 86.48 ± 2.97a 86.45 ± 2.93a 107.59 ± 3.10b 93.78 ± 5.09c 0.001
Cox-2 84.92 ± 3.03a 85.07 ± 3.46a 108.92 ± 3.72b 93.50 ± 5.22c 0.001
GADD153 84.65 ± 3.13a 84.70 ± 3.07a 107.68 ± 3.94b 93.44 ± 4.59c 0.001
GRP78 84.16 ± 3.33a 84.26 ± 3.43a 106.06 ± 2.86b 92.99 ± 4.72c 0.001
HSP90 84.89 ± 3.10a 85.01 ± 2.25a 107.91 ± 2.84b 94.45 ± 3.13c 0.001
HSP70 84.07 ± 2.52a 84.79 ± 2.04a 106.67 ± 2.19b 93.38 ± 2.98c 0.001
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Evaluation of serum Creatinine and Uric acid results

Serum creatinine and uric acid levels increased slightly in 
MTX group, but this increase was not statistically signifi-
cant compared to control group (P > 0.05) Similar results 
to the control were observed in the MTX + Vit B12 group. 
Creatinine and uric acid are given in Table 2. The changes 
observed in creatinine and uric acid were not statistically 
significant, pointing at minimal or no adversity. There 
may be multiple reasons for this, including limited toxic-
ity of the compound, too low doses, number of animals 

included in the study, from a device in the laboratory 
(Table 3)

Apoptotic findings

TUNEL staining was performed to determine apoptotic 
cells in kidney tissues (Table 4, Fig. 6) The apoptotic cells 
in the kidney of control group and Vit B12 group were 
found 0.35 ± 0.60 and 0.22 ± 0.53, respectively. There 
was no statistically significance among this group. The 
increase in the apoptotic cell number in MTX group was 

Fig. 4   Caspase-3, Cox-2, 
GADD153 and GRP78 immu-
noreactivity results. Values are 
presented as means ± SD. (*) 
indicates statistical difference 
between groups. Abbreviations: 
MTX Methotrexate, Vit B12 
Vitamin B12, Cox-2 Cyclooxy-
genase-2, GADD153 C/EBP 
homologous protein, GRP78 
Glucose regulated protein

Table 2   Biochemical results of 
experimental groups

All data are expressed as the mean ± SD. There is no significant difference among groups with same letters 
(a, b, c) P < 0.05 was considered significant
SOD, CAT, MDA, IL6, TAS and TOS levels of kidney tissue obtained by ELİSA assay among groups

Groups Control B12 MTX MTX + B12 P

SOD 21.15 ± 7.90 20.91 ± 7.07 15.71 ± 5.02 20.67 ± 3.88 0.38
CAT​ 47.4 ± 8.94a 49.25 ± 12.79a 16.14 ± 9.68b 37.32 ± 23.97ab 0.041
MDA 7.42 ± 0.56a 7.25 ± 1.82a 10.5 ± 2.63b 7.93 ± 1.95ab 0.026
IL6 46.98 ± 9.34ab 47.75 ± 9.95ab 66.19 ± 18.27b 36.79 ± 11.4a 0.0062
TAS 10.96 ± 0.95a 10.70 ± 0.65a 6.38 ± 0.47b 9.20 ± 0.34c 0.001
TOS 1.07 ± 0.33a 1.07 ± 0.30a 4.94 ± 0.63b 1.85 ± 0.48c 0.001
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found 2.21 ± 1.59 and was statistically significant when 
compared to the control group (P < 0.05) In MTX + Vit 
B12 group, there was a decrease in TUNEL-positive cells 
and the apoptotic cell number (0.25 ± 0.45) The decrease 
in the apoptotic cell number was statistically different 
in MTX + Vit B12 when compared to the MTX group 
(P < 0.05)

Discussion

Methotrexate, a folic acid antagonist, is commonly used 
for the treatment of many ailments including psoriasis and 
cancer (Rajitha et al. 2017) However, MTX is known to 
generate reactive oxygen species (ROS) in both cancer and 
normal cells resulting in oxidative damage (Conklin 2004) 
The anticancer, anti-inflammatory and immunosuppressive 
actions of MTX has been shown to occur via ROS genera-
tion and induction of apoptosis. MTX has been reported to 
induce renal and hepatic toxicity via oxidative stress and 
its efficacy has been limited by severe organ toxicity (Sai-
gal et al. 2012) Previous studies have been reported many 
side effects of short and long term administration of MTX 
(Campbell et al. 2016; Wang et al. 2018) For example, MTX 
causes toxic effects in the kidney, gastrointestinal tract, liver, 

Fig. 5   HSP90, HSP70, IL17 
and TNF-α immunoreactivity 
results. Values are presented 
as means ± SD. (*) indicates 
statistical difference between 
groups. Abbreviations: MTX 
Methotrexate, Vit B12 Vitamin 
B12, HSP90 Heat shock protein 
90, HSP70 Heat shock protein 
70, IL17 Interleukin 17, TNF-α 
Tumor necrosis factor alpha

Table 3   Plasma Creatinin and Uric acid levels of experimental groups

All data are expressed as the mean ± SD. P < 0.05 was considered sig-
nificant

Groups Control Vit B12 MTX MTX + Vit 
B12

P

Creatinine 0.24 ± 0.06 0.23 ± 0.08 0.24 ± 0.06 0.24 ± 0.04 0.438
Uric acid 0.89 ± 0.59 0.80 ± 0.45 0.98 ± 0.21 0.89 ± 0.35 0.340

Table 4   Statistical analysis of 
TUNEL positive cell count

The data are expressed as mean + standard deviation. There is no significant difference between groups 
containing the same letter (a, b and c) P < 0.05 was considered significant

Groups Control B12 MTX MTX + B12 P

TUNEL positive cell count 0.35 ± 0.60a 0.22 ± 0.53a 2.21 ± 1.59b 0.25 ± 0.45a 0.0001
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reproductive and nervous system in animals and humans 
(Shao et al. 2019; Morsy et al. 2020) In our bodies, Vit B12 
is essential in cell division as it stimulates DNA synthesis 
It has been shown that vitamin B12 has a positive effect on 
muscle pain caused by formalin, and that vitamin B12 sup-
plementation has a positive effect on organ damage (Harb 
et al. 2020; Tamaddonfard et al. 2018)

MTX has possible side effects on vital organs, specially 
on the kidney and liver (Abd El-Twab et al. 2019; Ewees 
et al. 2019) Several studies submit that MTX causes cystic 
dilatation of the renal tubules, epithelial desquamation in to 
the lumen of the tubules, dilatation and congestion of the 
peritubuler vessels of the kidney tissue (Arab et al. 2018; 
Ulusoy et al. 2016) Our results were similar to previous 
studies.

Vit B12 is a B vitamin that has an substantial role in cel-
lular metabolism, especially in DNA synthesis, methylation 
and mitochondrial metabolism (Green et al. 2017) Many 
studies have reported that vitamin B12 has a protective 
effect on organ damage occurring in experimental studies 

(Elsaed et al. 2018; Hajihashemi et al. 2017) We investi-
gated the effect of Vit B12 in an amount close to the dose in 
previous literature studies on the kidney damage caused by 
methotrexate (Elsaed et al. 2018; Beltrame et al. 2019) The 
mechanism of the nephrotoxic effect of MTX is not yet fully 
understood. In the present study, we aimed to evaluate MTX 
nephrotoxicity, particularly to show the presence of inflam-
mation, ERS and apoptosis by immunohistochemistry. We 
used Vit B12 nephroproective against MTX loss. Therefore, 
we evaluated the connection of apoptosis with inflammation, 
ERS and oxidant/antioxidant systems in the tissue.

Molecular chaperones, which prevent inefficient interac-
tions for the folding of target proteins, allow the proteins 
to fold efficiently into their natural structure. HSP70 and 
HSP90 chaperones are among them. HSP90, which func-
tions together with HSP70, has been demonstrated to be 
include in cell-cycle regulation, signal transduction, and 
apoptotic pathways (Genest et al. 2019; Otaka et al. 2006) 
Remerkable increase in HSP70 and HSP90 expressions 
against ischemia–reperfusion injury was shown in the rat 

Fig. 6   TUNEL staining of kidney tissue. A, Group I: Control; B, 
Group II: Vitamin B12; C, Group III: Methotrexate; D, Group IV: 
MTX + Vit B12. The yellow arrow indicates TUNEL-positive cells. 

Scale bar = 100  µm. TUNEL, terminal deoxynucleotidyl transferase 
dUTP nick end labeling
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kidney (Zhang et al. 2008) In another study, it was reported 
that there was a significant increase in HSP70 expression 
in kidney damage caused by methotrexate compared to the 
control group (Ulusoy et al. 2016) In this study, there was 
a significant increase in the expressions of HSP70 and 90 
in the kidney tissues of rats treated with methotrexate com-
pared to the other groups.

There was an important increase in levels of TNFα, IL17 
and Cox-2 in MTX group. These proteins are pro-inflamma-
tory cytokine produced in response to MTX (Araujo et al. 
2012; Mahmoud et al. 2014) Previous studies reported that 
inflammatory cytokine levels as Cox-2, IL17 and TNFα 
increased in MTx induced rats (El-Sheikh et al. 2015) In 
this study, we demonstreated that MTX increased expres-
sions of Cox-2, IL17 as well as TNFα. These results were 
similar to previous studies (Oguz et al. 2015)

Endoplasmic reticulum has an significant role for the 
modification, folding and synthesis of proteins. If proteins 
are misfolded or cannot fold, stress will occur in the Endo-
plasmic reticulum (Ibrahim et al. 2019) Until now, there are 
only a few studies involving endoplasmic reticulum stress 
and methotrexate (Lv et al. 2020; Song et al. 2021) In these 
studies, it was observed that there was an increase in ERS 
protein expressions in organ damage in rats treated with 
methotrexate. Also, In this study, we evaluated the expres-
sion of GRP78 and GADD153 (CHOP) proteins, which 
are ERS markers. We found an increase in GRP78 and 
GADD153 markers in the MTX group. We found a decrease 
in the MTX group given with Vit B12. Our study found 
similar results to other studies.

Caspase 3 is accepted to be the most substantial of the 
executioner caspases and is activated by any of the initiator 
caspases (caspase 8, 9, 10) In addition to, caspase 3 leads to 
cytoskeletal reorganization and disintegration of the cell into 
apoptotic bodies (Cohen 1997; García-Argüello et al. 2020) 
In the present study, we evaluated caspase 3 with Immu-
nohistochemical method. MTX group showed a significant 
increase in caspase 3 expression compared to the control and 
other groups (Hafez et al. 2015)

Since MTX is known to be a proapoptotic agent, the 
apoptotic cells in the kidney tissues are showed by apopto-
sis (TUNEL) staining. Many studies have reported increase 
in the rate of apoptosis in kidney tissues in the MTX group 
(Ulusoy et al. 2016; Yuksel et al. 2017) In the present study, 
we demonstrated that the number of apoptotic cells substan-
tially increased in the MTX group compared to the other 
group.

Many studies report that MTX leads to oxidative stress 
and induces renal toxicity. MTX produces reactive oxygen 
species (ROS) and therefore leads to lipid peroxidation and 
causes impairment in mitochondrial function (Arab et al. 
2018) In our study, we found that MDA and IL6 levels 
importantly increased in MTX group, but SOD and CAT 

levels are statistically lower in MTX group compared to 
control group. Until now, there are very few studies about 
TAS and TOS values in studies on methotrexate (Erdogan 
and Yalcin 2018) The results we found were consistent 
with these studies. We found that TOS levels substantially 
increased in MTX group, however TAS levels are signifi-
cantly lower in MTX group compared to the other groups.

Many studies have reported that vitamin B12 has a pro-
tective effect on organ damage occurring in experimental 
studies (Elsaed et al. 2018; Hajihashemi et al. 2017) How-
ever, there is scarcely any experimental study involving 
methotrexate and vitamin B12. Therefore, in this study we 
evaluated the effect of Vitamin B12 against methotrexate 
induced kidney damage. Vitamin B12 gave statistically sub-
statial results at histopathologic, immunohistochemical and 
biochemical assays after MTX nephrotoxicity.
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