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ackground: Methotrexate (MTX) has been used for a long time as rheumatoid arthritis medication as 

well as for the treatment of several malignancies, including hepatoma, lymphoma, treatments of MTX 

and other anticancer medications are now being considered and used for various tumor treatments in 

order to lessen MTX-induced adverse effects and boost anticancer efficacy. As a result, the current work 

suggests a potentially strong therapeutic strategy for malignancies involving the use of vitamin C, ferret 

(Sodium Ferric Gluconate), and MTX.  

Methods: Totally, 30 Albino Swiss male mice were selected and divided equally into 6 groups; negative 

control (no drug administered), positive control (received a single 20 mg/kg dosage of MTX, in addition to 

four treated groups; group 1: Vitamin C 50 mg/kg, group 2: ferrlecit 30 mg/kg, group 3: Vitamin C + MTX and 

group 4: ferrlecit + MTX. Samples were collected 48 hr. following the last dose of the medication. Smears were 

collected and Giemsa-stained. To analyze micronuclei, 1000 polychromatic erythrocytes (PECs) were counted 

in each animal.  

Results: MTX increased cytotoxicity in the bone marrow, which was shown by a marked increase in MN 

formation in contrast to control. Statistically substantial decreases in percentage of micronuclei were seen in 

both combination pretreatment groups (MTX and Vit C) and (MTX and Fe) in comparison to mice given MTX 

alone. Ferrlecit was less efficient than vitamin C at preventing MTX-induced micronuclei.  

Conclusion: This study concluded that the combination pretreatment has a considerable anti-toxicity impact 

on genetic damage. This therapeutic approach may be beneficial for future clinical cancer therapy. 
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Introduction 

Although chemotherapy is one of the most efficient 

cancer treatment options, it is frequently associated 

with several toxicities both in the short and long term 

[1]. Methotrexate (MTX) is a chemotherapy drug that is 

used to treat acute lymphoblastic leukemia (ALL), 

osteosarcoma, breast cancer, lymphoma, neck and head 

malignancies, as well as non-oncologic conditions such 

as rheumatoid arthritis and psoriasis [2]. 

Methotrexate's therapeutic efficiency is based on the 

dihydrofolate reductase (DHER) inhibition, a critical 

enzyme in the metabolism of folic acid (FA) that 

converts dihydrofolate to tetrahydrofolate [3]. A 

disruption in the metabolism of folic acid results in the 

depletion of nucleotide precursors such thymidylate 

and purine and this in turn prevents the synthesis of 

DNA, RNA, and protein. Additionally, methotrexate 

blocks thymidylate synthase and the entry of decreased 

folatase into cells [4, 5]. MTX has been demonstrated in 

several drugs toxicity tests to cause genetic damage, 

like chromosome abnormality, gene mutation, and 

DNA damage [6,7]. 

MTX has also been connected to malignant cells 

developing DNA damage, including oxidative damage 

in colon cancer and double-strand breaks (DSBs) in 

non-small lung cells carcinoma. [8,9]. The 

micronucleus assay is a quick in vivo and in vitro 

screening cytogenetic examination that is commonly 

used to determine the genotoxicity of substances in 

organisms. [10]. Micronuclei (MN) form when an 

acentric fragment or entire chromosome fails to 

integrate into the daughter nuclei in mitosis. In order 

to quantify clastogenic or aneugenic chromosome DNA 

injury, MN in the cytoplasm of the interphase daughter 

cell has been counted [11, 12]. There is substantial 

evidence that several dietary elements can modify the 

effect of mutagenic or carcinogenic substances. 

Vitamin C (Vit. C) is an important dietary component 

that serves as a cofactor for numerous enzymes as well 

as a powerful antioxidant that scavenges reactive 

oxygen species (ROS) and protects cells from free 

radical damage [13]. In addition to having an 

antioxidant effect, VC can increase the elimination of 

damage caused by oxidation from the DNA and/or 

nucleotide pool by upregulating repair enzymes [14]. 

Several researchers have demonstrated the inhibitory 

effects of VC on a variety of mutagens and carcinogens 

in human as well as animals [15-17]. Ferrlecit (sodium 

ferric gluconate) is an injectable iron medication used 

to treat anemia caused by iron deficiency. It is 

commonly used in hemodialysis patients, 

erythropoietin treatment patients; along with those 

suffering from chronic renal disease [18]. Iron is the 

most prevalent transition metal in our bodies and an 

essential micronutrient that is required by many 

important enzymes. Consequently, it is crucial to 

numerous biological activities, including the synthesis 

and repair of DNA, oxygen transport, regulating the 

cell cycle, and energy production [19]. 

The current study aims to evaluate the protecting 

effects of Vit C and ferrlecit against the cytotoxicity 

induced by methotrexate in mice bone marrow. 

Methods 

Ethical approval  

The study was approved by the Scientific Committee of 

the Department of Biology in the College of Science 

(University of Wasit, Wasit, Iraq) 

Study animals 

A total of 50 male albino Swiss mice were selected, 

acclimated and subjected to the present study that 

conducted during October (2021) to March (2022).  

Chemicals 

Methotrexate (Ebewe, Austria), Vitamin C, and 

Ferrlecit® (sodium ferric gluconate) were supplied from 

Al-Karamah Hospital. To prepare the needed dose for 

mouse injection, all chemicals diluting in distilled 

water and administered intraperitoneally. The 

calculated dose was dissolved in 1 ml of distilled water. 

Experimental animals  

A total of 30 albino Swiss male mice were gained from 

the Ministry of Health -Baghdad, the National Center 

for Drug Control and Research. They were between 10-

15 weeks old and 30±2 grams in body weight. The 

animal understudy was classified into six groups, and 

each group was housed in its own plastic cage in the 

biology department's animal house under ideal 

conditions.  

Study Protocol: Six groupings were created out (5 

animals for each group) and administered as 

intraperitoneally single daily doses as follows:  

Control group 

Group I: Negative control, mouse was received the 

same amount of distilled water. 

Group II: positive control, 20 mg/kg B.W. dose of MTX 

as single intraperitoneal (i.p.) dose and sacrificed after 

48hrs.  

Treatment groups  

1. Group 1: Vitamin C was given to a mouse 

in dose 50 mg/kg for 5successive days 

2. Group 2: Ferrlecit was given to a mouse in 

a dose 30 mg/kg for 5successive days 

3. Group 3: Mouse pretreated with vitamin C 

50 mg/kg for 5 successive days) then 

administrated with methotrexate 20 
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mg/kg, i.p. single dose on the sixth day of 

the experiment. 

4. Group 5: Mouse pretreated with ferrlecit 

30 mg/kg for 5 successive days then 

administrated i.p. with MTX 20 mg/kg, as 

a single dose. 

Forty-eight hours after the MTX injection, the mouse 

was sacrificed, and the samples of bone marrow were 

collected to be taken for cytogenetic analysis (MN). 

Micronucleus (MN) Analysis 

The following steps were taken to conduct this 

experiment using Schmid's technique [20]:- 

After the mouse is sacrificed, all tissues and muscles 

are removed from the femur bone. The bone marrow 

was washed and dropped into the test tube by injecting 

1 ml of heat-inactivated human plasma into the femur 

bone. The tube centrifugate for 5 minutes at (1000) 

rpm. A pellet drop was employed to make a smear on a 

clean slide, after the supernatant had been removed. 

The slides were kept overnight at room temperature; 

and then, fixed for 5 min with absolute methanol. 

Giemsa stain was applied to one side for (15 minutes), 

followed by a D.W. rinse and drying time. For each 

mouse, two slides have been prepared, and then 

investigated under the oil immersion lens. For the 

micronucleus test, at least (1000) polychromatic 

erythrocytes (PCE) were checked for the presence of 

micronuclei. The following equation was used to 

calculate the micronucleus index: 

Micronucleus index = 
100 x 

PCE ofcount  Total

 imicronucle ofNumber 







  

Statistical analysis 

Data were translated into a computerized structure. 

The data is presented as mean ± standard error, and 

normally distributed an unpaired two-sample T-test 

was used to compare between two values. SPSS version 

25 and Microsoft Excel 2010 computer software were 

used for conducting statistical analysis. When the 

probability value was below 0.05, the difference was 

regarded as significant [21]. 

Results 

Cytotoxicity was assessed by measuring the percentage 

of total polychromatic erythrocyte (PCE) to total 

normochromatic erythrocyte PCE / NCE of the control 

and all the treated groups. In the current study, 1000 

PCEs and corresponding normochromic erythrocytes 

(NCEs) were assessed for each animal ,5 mice to each 

group = 5000 PCEs to demonstrate the effect of MTX 

drug at 48 hr after treatment and combination 

treatment used Vit. C and Fe. A Micronucleus study was 

conducted based on the rate of incidence of 

micronucleated MNPCEs out of the total 1000 normal 

PCEs for each animal. MNPCEs had a small nucleus 

dark-blue in color as inherited residual material that 

remains after the erythropoiesis process, two types of 

MN extracellular and intracellular depended on the site 

of MN (Figs. 1-a,b). 

The administration of 20mg/kg i.p. MTX to mice 

caused cytotoxicity in the bone marrow, as 

demonstrated by a significant increase in MN 

formation (6.470 + 0.32) compared to the control group 

(1.520+ 0.22) in a p-value less than 0.05. The result of 

MN for the Vit. C treated group was significantly 

different versus with the group of negative control, 

whereas the MN value remained unchanged in the Fe 

group in contrast to a negative control (Table 1). 

Groups Micronucleus% 

 (Mean ± SE) 

P -value  

Negative Control (D.W.) 1.520 + 0.22 p<0.05 

Positive Control (MTX ) a*6.470 + 0.32 

Vitamin C (Vit.C) b*0. 826+ 3.20 P<0.05 

Ferrlecit (Fe) b**1.252+ 1.40 p>0.05 

a Positive Control vs. Negative Control Vit .C and Fe groups vs. 

Negative Control,  

* Significant at p-value < 0.05 

** Non-significant at p-value < 0.05 

Table 1: Percentages of MN in mouse bone marrow for (negative 

and positive) control, and treatment (Vit C, Fe) groups. 

  
Figure 1: A. Polychromic erythrocytes (PCEs) black arrow, 

extracellular MNPCEs yellow arrow, X100. 

B: Intracellular micronucleated polychromatic erythrocytes 

(MNPCEs), X100. 

 
Figure 2: MN% in group of MTX versus to the treatment groups, 

p-value <0.05. 

On the other hand, the results showed a high 

significant difference in MN percentage induced by 

A B 
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MTX ( 6.470 + 0.32) when compared with the other two 

treated groups Vit C and Fe (0. 826+ 3.20 and 1.252+ 

1.40 ) respectively (Figure 2). 

Effects of Combination Treatment on MNs  

The mice were pretreated with Vit. C 50 mg/kg/day and 

Fe 30 mg/kg/day for 5 days before receiving MTX 20 

mg/kg/day as a single dose on the sixth day. This 

treatment helped reduce the adverse effects of MTX in 

the bone marrow. This improvement was revealed by a 

significant decrease in MN formation. (3.84+ 2.30 and 

4.72+ 6.20%) respectively compared with MTX group 

(6.470 + 0.32). This comparison illustrates the dose-

related impact of Vit. C and Fe against the damage of 

MTX chemotropics (Table 2). However, the  MTX and 

vit. C as well as the MTX and ferrlecit groups showed a 

significant decrease in the micronuclei numbers in 

comparison with mice administrated with MTX alone. 

Also, the results showed that vitamin C was more 

efficient than ferrlecit in reducing cytotoxicity induced 

by MTX. 

Groups Micronucleus 

% M+SE 

Positive control (MTX single dose) 6.470 + 0.32 

Treatment group I(Vitamin C + MTX) a*3.84+ 2.30 

Treatment group II ( Ferrlecit + MTX) a*4.72+ 6.20 

a Treatment groups vs. MTX positive control *significant at p-

value <0.05. 

Table 2: The combination treatment groups compared with 

MTX. 

Discussion 

The micronucleus assay (MN), which has been in use 

for about 40 years, is one of the most widely used 

techniques for determining the genotoxicity of various 

chemical and physical variables, including DNA 

damage brought on by ionizing radiation. [22]. MN was 

observable   

in the cytoplasm of cells as a tiny, chromatin-

containing spherical body [23]. DNA damage or genetic 

instability is the primary causes of MN formation [24]. 

Additionally, it may emerge from physiological 

processes like metabolism or aging or may be brought 

on by several environmental variables, risky behaviors, 

and various diseases. Therefore, MN was found in little 

amounts in the control group which was treated with 

distilled water only. 

The findings of this investigation demonstrated a 

highly substantial rise in the mean of MNPCEs in 

animals administrated with MTX versus the control. 

Significant genetic harm caused by MTX was 

demonstrated by an increase in chromosomal 

aberration and micronuclei production in both people 

and animal models [25]. Micronuclei frequencies 

significantly increase in patients of lymphoblastic 

leukemia after being treated with anti-leukemia agents 

like methotrexate and vincristine, this result was 

recorded by Acar and his colleagues [26]. 

Other previous results confirm our study, Maleek, and 

Gheni [27], reported a statistical rise in MN formation 

in mice after being injected with MTX according to 

their explanation, the deoxyribonucleoside 

triphosphate (dNTP) synthesis was inhibited, which led 

to the development of genetic lesions as a result of a 

deficiency in DNA repair. However, as the dNTP’s 

synthesis failed, the genetic damages generated by 

MTX are manifested as MN. We observed nearly the 

same effect of MTX in vivo on the frequency of MN in 

peripheral blood cells as that seen by Novakovic et al. 

[28]. Nevertheless, methotrexate can also affect the 

body's healthy cells and organs, a side effect known as 

methotrexate toxicity, the risk of toxicity increases 

with prolonged use of methotrexate and the length of 

time it remains in the body [29].  

MN, which was around four times the control value 

was induced by the MTX medication alone. No 

cytotoxic effect was seen with any of the Fe or vitamin 

C dosages. In combination with MTX, the 

administration of vit C and Fe both dramatically 

decreased the impact of MTX by lowering MN counts. 

This meliorative effect of Vit. C may be due to the 

improvement of detoxification pathways that 

transform this reactive chemical into less toxic and 

more easily eliminated compounds, or it may be due to 

its effectiveness as a free radical scavenger. 

Previous research showed the antioxidant effect of 

Vit. C either scavenges free radicals or functions as a 

precursor to oxidation, generating hydrogen peroxide 

and free radicals [30]. Ascorbic acid, as a physiological 

substance, aids in the natural antioxidant protection of 

cells. Additionally, ascorbic acid is regarded as the most 

significant plasma antioxidant. [31]. According to 

numerous studies, Vit C has a protective effect against 

substances that cause cytotoxicity, including 

medications and chemical agents. [32, 33]. Therefore, 

Vit C has the potential to neutralize ROS or reactive 

nitrogen species created by MTX, reducing their 

availability to interact with intracellular organelles, 

and genetic material DNA and RNA by preventing the 

of lipid peroxidation [24]. 

These results are in compliance with previous 

observations in mixing Vit. C with other chemotherapy 

[34]. The current findings are comparable to those of 

Giri [34]. The current findings are comparable to those 

of Giri [35], who observed that ascorbic acid protected 

against chromosomal abnormalities and micronuclei 

caused by cisplatin in mouse bone marrow cells. In a 

different study, Aly and Doniya (2002) examined the 

effects of rifampicin (RMP) on the production of 

chromosomal abnormalities and discovered that the 
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incidence of these aberrations was dramatically 

reduced in mice pretreated vitamin C and RMP. 

On the other hand, pretreatment with ferrlecit (Fe) 

and chemotherapy considerably reduced the impact of 

MTX, but not as significantly as Vit. C [36]. However, 

ferrlecit (iron), a significant trace element, is essential 

for energy metabolism, muscular function, 

hematopoiesis, oxygen metabolism and uptake, and 

electron transport in mitochondria [37]. Additionally, 

all eukaryotes require iron as a micronutrient because 

it functions as a redox cofactor in crucial biological 

processes. It is now identified as a necessary 

component of several enzymes involved in basic DNA 

metabolism processes [38]. DNA helicases, nucleases, 

glycosylases, demethylases, replicative DNA 

polymerases, primase, ribonucleotide reductases, and 

glycosylases are some of the enzymes necessary for 

DNA synthesis and repair that contain functionally 

significant iron cofactors. Genetic changes that result 

in iron cofactor deficiencies can be fatal or cause DNA 

damage, cancer, developmental, and aging-related 

illnesses [39]. Therefore, the combination pretreatment 

for Fe and MTX reduced the aberration in the bone 

marrow which is represented by MN. This may be due 

to the protective effect of Fe on the DNA from MTX 

toxicity. 

The cytotoxic effect of MTX in mice bone marrow is 

mediated by the formation of MN. By exerting 

antioxidant properties, the combination of Vit. C, Fe 

with MTX lowers the cytotoxicity caused by MTX. 

Compared to pretreatment with Fe, pretreatment with 

Vit. C before administering MTX had stronger 

synergistic protective effects. In this context, 

preclinical and clinical investigations are required to 

prove the combination protective effect of vitamin C 

and Fe against cytotoxicity induced by MTX. 
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