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Leucovorin ameliorated methotrexate induced intestinal toxicity via modulation 

of the gut microbiota 

Abstract: Methotrexate (MTX) is a widely used therapeutic agent for the 

treatment of cancer and autoimmune diseases. However, its efficacy is often 

limited by adverse effects, such as intestinal toxicity. Although treatment with 

leucovorin (LV) is the most common method to reduce the toxic effects of MTX, 

it may also compromise the therapeutic effects of MTX. The gut microbiome has 

been reported to be associated with the intestinal toxicity of MTX. In this study, 

the intestinal damage of MTX was ameliorated by treatment with LV. Moreover, 

the population, diversity, and principal components of the gut microbiota in 

MTX-treated mice were restored by treatment with LV. The only element of the 

gut microbiota that was significantly changed after treatment with LV was 

Bifidobacterium, and supplementation with Bifidobacterium longum ameliorated 

MTX-induced intestinal damage. In conclusion, our results suggest that the 

balance and the composition of gut microbiota have an important role in the 

LV-mediated protection against MTX-induced intestinal toxicity. This work 

provides foundation of data in support of a new potential mechanism for the 

prevention of MTX-induced intestinal toxicity. 

Key words: Methotrexate; Leucovorin; Intestinal toxicity; Gut microbiota; 

Bifidobacteria 
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Abbreviations ： MTX, methotrexate; DHFR, dihydrofolate reductase; LV, 

leucovorin; CMC-Na, sodium carboxymethyl cellulose; BIB, Bifidobacterium 

longum; Con, control; H&E staining, hematoxylin and eosin staining; PCoA, 

principal co-ordinates analysis; LEfSe analysis, linear discriminant analysis effect 

size analysis; LDA, linear discriminant analysis; ANOVA, analysis of variance; 

ACE, abundance-based coverage estimator; FMT, fecal microbiota transplantation;  

DAMPA, 2, 4-diamino-N (10)-methylpteroic acid.  

  

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



 

1. Introduction 

Methotrexate（MTX）is a folate antagonist that acts via competitive inhibition 

of dihydrofolate reductase (DHFR) to block folate metabolism, thus suppressing 

the de novo synthesis of purines and pyrimidines (Neradil et al., 2012). MTX has 

been widely used in the treatment of breast cancer, osteosarcoma and acute 

lymphocytic leukemia (Sakura et al., 2018; Wilson et al., 2014). Due to the 

immunosuppressive functions of MTX, it also has been used to treat autoimmune 

diseases such as psoriasis and rheumatoid arthritis (BurmesterandPope, 2017; 

Hall et al., 1978; Lie et al., 2010). However, the toxicity of MTX, which 

including intestinal toxicity, cardiotoxicity, bone marrow toxicity, nephrotoxicity, 

and hepatotoxicity have limited the wide use of MTX(Freeman-NarrodandNarrod, 

1977; PivovarovandZipursky, 2019; WidemannandAdamson, 2006). Intestinal 

toxicity is a common adverse effect of MTX and may influence the entire 

intestinal tract. The main symptoms are nausea, bloating, abdominal pain and 

diarrhea which together result in malabsorption, weight loss, and disruption of 

chemotherapy (Howard et al., 2016; Katchamart et al., 2009; Pannu, 2019). The 

mechanism of this damage derives from a combination of the non-targeted 

cytotoxic effects of MTX on normal intestinal cells, and the disruption of cellular 

metabolic processes through altering antioxidant, anti- inflammatory, and 

apoptotic pathways (El-Sheikh et al., 2016). However, the mechanisms above do 

not fully explain the intestinal damage caused by MTX and the re is no 

satisfactory therapeutic intervention that can prevent or treat MTX-induced 
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gastrointestinal toxicity.  

The gut microbiota has been reported to play a crucial role in 

chemotherapy-induced mucositis, which is the central manifestation of intestinal 

impairment (Touchefeu et al., 2014). The gut microbiota is a diverse microbial 

community mainly composed of bacteria that colonize the gastrointestinal tract 

and have a commensal relationship with the host (Wu et al., 2019). The 

microbiota contributes to many physiological processes of the host, and in turn 

the host provides niches and nutrients for microbial survival 

(HooperandMacpherson, 2010; D Qiu et al., 2019; Zeevi et al., 2019). However, 

the gut microbiota and its metabolites play a major role in defining the efficacy 

and toxicity of a broad range of drugs, and aberrant changes of the gut microbiota 

or its metabolites may influence the efficacy and toxicity of therapeutics 

(Alexander et al., 2017; Koh et al., 2016; Li et al., 2016; Wang et al., 2019). 

Because the folate metabolism pathway also exists in microbiota, the intestinal 

microbial compositions likely change after MTX treatment. Indeed, the MTX 

treatment decreased the diversity of the gut microbiota and led to a significant 

shift in the composition of the gut microbiota, such as a decreased proportion of 

Bacteroides fragilis. (Fijlstra et al., 2015; Zhou et al., 2018). 

Although there are ongoing studies to reduce intestinal impairment and other 

toxic side effects caused by MTX, the primary use of leucovorin (LV) is as a 

rescue treatment for MTX remains (Chiusolo et al., 2012; Widemann et al., 2010). 

LV is a reduced form of folic derivate that inhibits the MTX-mediated inhibition 
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of DHFR (Relling et al., 1994). Therefore, the mechanism by which LV decreases 

the  toxic side effects of MTX on bone marrow and intestinal mucosa is by 

rescuing cells from MTX-induced cell death (Beh et al., 2017; Flombaum et al., 

2018; Wolfrom et al., 1993). However, as a competitive antagonist of MTX, LV 

rescue therapy also reduces therapeutic effect of MTX and even cause “folate 

over-rescue” (Skarby et al., 2006; Sterba et al., 2006). LV also influences the 

human and microbiota, but not all gut floras are affected to the same extent 

(Vernocchi et al., 2016). Some members of the intestinal flora are able to use 

exogenous folic acid but others cannot (Lakoff et al., 2014). In addition, the gut 

microbiota produces large amounts of active metabolites including folate, whose 

biosynthesis by Bifidobacteria has been verified (LeBlanc et al., 2013). Because 

the homeostasis of the gut microbiota is crucial to the integrity and the function 

of gastrointestinal tract during chemotherapy, we sought to investigate the 

relationship between the gut microbiota and the protective effect of LV on 

MTX-induced intestinal toxicity and disruption. 

In this study, the influence of LV on MTX-induced intestinal mucosal 

damage and the consequent alterations in the host gut microbiota were observed. 

We proposed a hypothesis that LV ameliorates MTX-induced gastrointestinal 

toxicity by re-balancing the intestinal microbial community. Our findings suggest 

a novel mechanism by which LV reduces MTX-induced intestinal impairment 

and provide a potential treatment strategy to further reduce the intestinal 

impairment caused by MTX.  

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



 

2. Methods and Materials 

2.1 Reagents 

MTX (Item NO: MB1156), LV (Item NO: MB1043), and sodium 

carboxymethyl cellulose (CMC-Na) (Item NO: MB1731) were purchased from 

Dalian Meilun Biotechnology Co. Ltd, China. Bifidobacterium longum (Item NO: 

JBLC-141) were purchased from Shandong Zhongke-Jiayi, Biological 

Engineering Co. Ltd, China. The microbial sample was identified and analyzed 

by China Center of Industrial culture collection.  

2.2 Mice and treatment 

Eight-week-old male Balb/c mice were purchased from Hunan SJA 

Laboratory Animal Co. Ltd. (Hunan, China). All mice were maintained under 

specific pathogen-free (SPF) conditions and housed with free access to sterile 

food and water. In experiment I, the mice were allowed 2 weeks to adapt the 

laboratory environment and to assimilate the intestinal flora, and then were 

randomly divided into 4 groups: (1) MTX group; (2) MTX+LV group; (3) control 

(Con) group; (4) LV group. The mice were administered MTX at a dose of 

50mg/kg body weight or 0.5 percent CMC-Na every 3 days by oral gavage. After 

treatment with or without MTX for 12 hours, the mice were given drinking water 

supplemented with LV of 10mg/kg body weight, which was calculated based on 

the assumed average water consumption of mice (6ml/day), for 48 hours. Body 

weights were recorded daily at 8:30 am. Feces were collected before sacrifice. 

The mice were sacrificed after seven treatment cycles, and the blood samples and 
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colon tissues were collected for further analysis.  

In experiment II, the mice were randomly divided into 3 groups: (1) MTX 

group; (2) MTX+ Bifidobacterium longum (BIB) group; (3) Con group. The mice 

were administered MTX at a dose of 50mg/kg body weight or 0.5 percent 

CMC-Na every 3 days via oral gavage. After treatment with or without MTX for 

12 hours, the mice given an oral gavage of Bifidobacterium longum 1011cfu/kg or 

0.9 percent saline 1 time per day for two days. Body weights were recorded daily 

at 8:30 am. The mice were sacrificed after seven treatment cycles, and the blood 

samples and colon tissues were collected for further analysis. All experimental 

procedures and animal care were carried out in compliance with the regulations 

of the Animal Care Committee of the Central South University. 

2.3 Histology of colon 

Colon sections were submerged in 4% paraformaldehyde. Hematoxylin and 

eosin (H&E) staining was performed and evaluated in accordance with standard 

procedures (Yi et al., 2015). Histology specimens were scored by a blinded 

pathologist for the degree of colitis based on the following criteria: degree of 

inflammation, degree of tissue damage and loss of goblet cells. 

2.4 Microbial DNA extraction, 16S rDNA amplicon sequencing 

Fecal samples were kept at −80 °C until further analysis. DNA was isolated 

from frozen fecal samples using the E.Z.N.A.® Soil DNA Kit (Omega Bio-tek, 

Norcross, GA, U.S.) according to manufacturer’s protocols. The V3-V4 region of 

the bacterial 16S ribosomal RNA gene was amplified by PCR (95 °C for 2 min, 
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followed by 25 cycles at 95 °C for 30 s, 55 °C for 30 s, and 72 °C for 30 s and a 

final extension at 72 °C for 5 min) using primers 341F 5’-barcode- 

CCTAYGGGRBGCASCAG)-3’ and 806R 5’-GGACTACNNGGGTATCTAAT-3’, 

where the barcode is an eight-base sequence unique to each sample. PCR 

reactions were performed in triplicate 20μL mixtures containing 4μL of 5 × 

FastPfu Buffer, 2μL of 2.5 mM dNTPs, 0.8μL of each primer (5μM), 0.4μL of 

FastPfu Polymerase, and 10 ng of template DNA. Amplicons were extracted from 

2% agarose gels and purified using the AxyPrep DNA Gel Extraction Kit 

(Axygen Biosciences, Union City, CA, U.S.) according to the manufacturer’s 

instructions and quantified using QuantiFluor™ -ST (Promega, U.S.).  

Purified PCR products were quantified by Qubit®3.0 (Life Invitrogen) and 

every 24 amplicons whose barcodes were different were mixed equally. The 

pooled DNA product was used to construct Illumina Pair-End library following 

Illumina’s genomic DNA library preparation procedure. Then the amplicon 

library was paired-end sequenced (2 × 250) on an Illumina MiSeq platform 

(Shanghai BIOZERON Co., Ltd) according to standard protocols (Zhu et al., 

2019). 

2.5 Taxonomic analysis of microbiota 

A rarefaction analysis based on Mothur v.1.21.1 was conducted to reveal the 

diversity indices, including the Chao, ACE, Shannon, and Simpson diversity 

indices(Kozich et al., 2013). A beta diversity analysis was performed using 

UniFrac to compare the results of the principal co-ordinates analysis (PCoA) 
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using the community ecology package, R-forge (Vegan 2.0 package was used to 

generate a PCoA figure).  

For identification of biomarkers for highly dimensional colonic bacteria, 

LEfSe (linear discriminant analysis effect size) analysis was conducted. A 

Kruskal-Wallis sum-rank test was performed to examine the changes and 

dissimilarities among classes followed by LDA analysis to determine the size 

effect of each distinctively abundant taxa. 

2.6 Western blot 

Colon tissues were homogenized in lysis buffer (137 mM NaCl, 20 mM 

Tris-HCl pH 8.0, 1% NP-40, 10% glycerol, 1 mM phenylmethyl sulfonyl fluoride, 

10 µg/mL aprotinin, 1 µg/mL leupeptin, and 0.5 mM sodium vanadate). The 

supernatant was removed by centrifugation at 12,500g for 20 min at 4 °C. Total 

protein concentration was determined using the Micro BCA procedure (Pierce, 

Rockford, IL, USA). Protein (100 µg) from each sample was resolved by 

SDS-PAGE electrophoresis under reducing conditions, transferred to 

polyvinylidene fluoride (PVDF) membranes and then blocked with 5% non-fat 

dry milk and 0.1% tween-20 in tris-buffered saline at room temperature for 2 h. 

Membranes were incubated overnight at 4 °C with IL-6 rabbit polyclonal 

antibody(1:500 dilution in primary antibody dilution buffer) (Affinity, DF6087), 

IL-10 rabbit polyclonal antibody (1:500 dilution in primary antibody dilution 

buffer) (Affinity, DF6894), or ZO1 rabbit polyclonal antibody (1:1000 dilution in 

primary antibody dilution buffer) (Affinity, AF5145). After washing with 
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Tris-buffered saline with tween-20 (TBST), membranes were incubated with a 

secondary goat anti-rabbit IgG horseradish peroxidase conjugate (1:5,000 dilution 

in secondary antibody dilution buffer) (Affinity, S0001) or a secondary goat 

anti-mouse IgG horseradish peroxidase conjugate (1:5,000 dilution in secondary 

antibody dilution buffer) antibody (Affinity, S0002) at room temperature for 1 h. 

Membranes were detected by using a western blot detection system (WEST–

ZOLR Plus, Intron Biotechnology, UK) according to the instruction of the 

manufacturer and then exposed to X-ray film (Thermo Scientific, USA). 

2.7 Statistical analyses 

The data were analyzed with SPSS 17.0. The data are presented as the means 

± SEM, and P values were computed using repeated measure and unpaired 

two-way analysis of variance (ANOVA). Corrected p values were calculated to 

account for multiple testing. All reported analyses were considered significant at 

P values < 0.05. 

3. Results 

3.1 Leucovorin ameliorated methotrexate- induced weight loss and intestinal 

damage 

To confirm the influence of MTX and MTX+LV on change in weight, body 

weights were recorded daily. Significant weight loss was observed in the 

MTX-treated mice compared with the CMC-Na-treated controls and the 

MTX+LV-treated mice (Fig. 1A, 1B), suggesting that LV may ameliorate 

MTX-induced weight loss.  

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



 

In addition, the intestinal H&E staining results (Fig.2A) showed that the 

MTX-treated mice had severe mucosal inflammation with features of 

immunocyte infiltration accompanied with a smaller epithelial surface, dilated 

capillaries, and a shortened and damaged intestinal wall. However, much less 

intestinal damage was shown in the MTX+LV-treated group, and normal 

structures were observed in the control group and LV group. The mice in the 

MTX-treated group tended to exhibit a significantly increased degree of 

inflammation, more severe tissue damage, and more loss of goblet cells than mice 

in the MTX+LV group, and the LV-treated group was not statistically 

significantly different from the CMC-Na-treated group (Fig. 2B).  

Next, the expression of inflammatory intestinal cytokines and proteins related 

to barrier damage was examined. The western blot results showed significantly 

increased expression of IL-6 and decreased expression of ZO1 in the intestinal 

tissue in the MTX group compared with other groups (Fig. 3A, 3B, 3D). The 

expression of IL-10 was significantly increased in the colon tissue of the 

MTX+LV group, but other groups were not statistically significantly different 

from controls (Fig. 3A, 3C). These results confirmed that MTX induced intestinal 

inflammation and damage to the intestinal barrier. Of note, LV may alleviate the 

extent of these toxicities, possibly by increasing the expression of the 

anti-inflammatory factor IL-10.  

3.2 Leucovorin modulated the methotrexate- induced intestinal flora 

imbalance 
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Because the folate metabolic pathway is also important to some intestinal 

microbial flora and LV can be absorbed by members of the gut microbiota 

(Lakoff et al., 2014), we hypothesized that MTX and LV may affect the intestinal 

microbial flora. Therefore, we tested whether LV can re-balance the changes in 

intestinal microbiota caused by MTX. Feces of mice with/without MTX treatment 

were collected for analyses of the gut microbiota via high throughput 

pyrosequencing of 16S ribosomal RNA (rRNA) gene amplicons. 

The results of alpha diversity analysis of bacteria with the Chao1 index 

revealed reduced diversity of the total microbiota in the MTX-treated groups 

compared with controls, which was in good agreement with the results of 

analyses of observed species, abundance-based coverage estimator (ACE) and 

Shannon diversity (Fig. 4A, 4B). Together, this suggests that the richness and 

diversity of the intestinal microbiota were reduced after MTX treatment. 

However, treatment with LV attenuated these MTX-induced effects. No statistical 

difference was observed between the LV-treated group and the control group (Fig. 

4A, 4B), indicating that LV could not increase the alpha diversity of normal 

healthy mice.  

Subsequent analysis of the intestinal microflora profile revealed that the 

composition of the bacterial community was substantially changed among 

different samples (Fig. 5A). The principal co-ordinates analysis (PCoA), a 

common index for evaluating β-diversity, formed two separated clusters, 

illustrating that the bacterial community structure was apparently different 
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between the MTX group and other groups (Fig.5B). These results supported our 

hypothesis that LV might contribute to restoring the MTX-induced disturbance of 

the gut microbiota. 

3.3 Leucovorin remodeled gut microbial communities in 

methotrexate-treated mice  

To confirm what types of microbiota lead to the observed differences, the 

significantly altered components of the intestinal microbiota were estimated by 

comparing the discrimination of normalized operational taxonomic units (OTUs) 

among 4 groups. A linear discriminant analysis (LDA) effect size (LEfSe) 

analysis was performed to reveal the significant ranking of abundant modules. 

Figure 6A shows differences in 21 taxa among the Con group, the MTX group, 

the MTX+LV group and the LV group. The plot from LefSe analysis displayed 

LDA scores of microbial taxa with significant differences among the groups 

above. For example, the obligate anaerobes such as Ruminococcaceae and 

Eisenbergiella and the inflammation-promoting microbiota Marvinbryantia were 

increased in the MTX-treated group, and Bifidobacteriaceae, 

Betaproteobacteriales and Eysipelotrichales were increased in the MTX+LV 

group relative to MTX alone. The cladogram showed that increased abundance of 

intestinal flora Proteobacteria was observed from the class level 

(Gammaproteobacteria) to genus level (Burkholderiaceae) in both the control 

group and the MTX+LV group. In addition, Bifidobacterium was stood out as the 

only member of the intestinal microbiota that was observed to be significantly 
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more abundant from phylum level (Actinobacteria) to genus level 

(Bifidobacterium) in the MTX+LV group relative to MTX treatment alone (Fig. 

6). These results suggested that Bifidobacterium may be an important contributor 

to the beneficial effect of maintaining intestinal flora homeostasis and reducing 

intestinal damage after treatment with MTX. 

3.4 Bifidobacteria longum ameliorated weight loss and intestinal damages 

caused by methotrexate 

Members of the genus Bifidobacterium are among the first microbes to 

colonize the human gastrointestinal tract and are believed to exert positive health 

benefits on their host. It has been reported that Bifidobacterium longum alleviates 

the gastrointestinal toxicity caused by chemotherapy (Y Qiu et al., 2019), and in 

good agreement with data from clinical trials (Pico-MonllorandMingot-Ascencao, 

2019; Zaharuddin et al., 2019). Therefore, in this experiment, we administered 

Bifidobacterium longum by oral gavage, recorded body weight, and collected 

colon tissues for further analysis. In comparison with mice treated with MTX 

alone, the MTX+BIB-treated mice tended to lose less weight (Fig.7A, 7B). 

Intestinal H&E staining results suggested that the phenotype of the MTX-treated 

mice in this experiment was similar to that observed in experiment I, and less 

damage was shown in the MTX+BIB-treated group. Normal structures and mild 

inflammation were observed in the CMC-Na group and LV group (Fig. 7C). The 

MTX+BIB group tended to exhibit a lesser degree of inflammation, tissue 

damage, and loss of goblet cells than the mice in the MTX group (Fig. 7D). 
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Western blot analysis indicated that the MTX+BIB-treated mice had significantly 

decreased expression of IL-6 in colon tissue compared to the MTX-treated mice 

(Fig. 7E, 7F). In addition, BIB treatment markedly reversed the MTX-induced 

significant decreased expression of ZO1expression in the colon tissue (Fig. 7E, 

4H). However, the expression of IL-10 was not significantly different in 

MTX+BIB group compared with other groups (Fig 7E, 5G). These results 

indicated that Bifidobacterium longum might contribute to ameliorating the 

weight loss and the intestinal damage caused by MTX. 

4. Discussion 

MTX is considered to be a cornerstone of many multidrug chemotherapeutic 

regimens, and with the discovery of new therapeutic effects, it is also used in the 

treatment of immune diseases. Nevertheless, the administration of MTX is often 

associated with multiple adverse reactions. Intestinal toxicity is the most common 

adverse effects that limit the wide use of MTX (Hamada et al., 2013; Howard et 

al., 2016). Because MTX mainly targets the folate metabolic pathway, LV acts as 

a rescue agent to alleviate the side effects of MTX (AcklandandSchilsky, 1987). 

However, LV also naturally decreases the pharmacodynamic effect of MTX 

(Skarby et al., 2006). In this study, we demonstrated that LV ameliorated the 

intestinal toxicity of MTX, possibly by reversing the MTX-induced intestinal 

microbial imbalance by increasing the composition of beneficial bacteria 

including Bifidobacterium.  

Notably, although the phenotypes such as weight loss and intestinal damages 
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indicated that LV reduced the gastrointestinal toxicity of MTX, the 16S 

sequencing results prompted us to focus on the gut microbiota as a possible factor 

contributing to the mitigation of toxicity. The MTX-treated group manifested 

lower richness and uniformity of the intestinal microbiota compared with the 

control group, which was in line with earlier findings in MTX-treated rats and 

humans with inflammatory bowel diseases (Fijlstra et al., 2015; Hirano et al., 

2018). There was an increase in abundance of obligate anaerobes such as 

Ruminococcaceae and Eisenbergiella and the inflammation promoting microbiota 

Marvinbryantia in the MTX-treated group, which has been linked with promotion 

of intestinal inflammation in earlier reports about inflammatory bowel 

diseases(Henning et al., 2018; Ponziani et al., 2019). After co-administration of 

MTX and LV, the richness, diversity, and composition of the gut microbiome 

tended to be more similar to the control group, contributing to the prevention of 

intestinal inflammation (Manichanh et al., 2006; Nishikawa et al., 2009). In 

addition, although PCoA showed good separation between the MTX group and 

the other groups, the composition of intestinal microbiota of the control and the 

MTX+LV groups did not separate into two distinct clusters, suggesting that LV 

simply restored the gut microbial composition to be more similar to controls, 

rather than causing a shift in a new direction. Specifically, the abundance of 

intestinal flora Proteobacteria increased from the class level 

(Gammaproteobacteria) to the genus level (Burkholderiaceae) in both the control 

group and the MTX+LV group. Gammaproteobacteria, a class of bacteria 
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included in the Proteobacteria phylum, have been reported to be decreased in gut 

inflammation (Lo Presti et al., 2019). The administration of LV normalized the 

intestinal flora composition of MTX-treated mice to that of the control mice, 

leading to reduced severity of intestinal inflammation induced by MTX. On the 

other hand, Bifidobacterium were the only element that was significantly 

increased from the phylum level to genus level in the MTX+LV group, compared 

to the control group and the MTX group. Members of the genus Bifidobacterium  

are among the first microbes to colonize the human gastrointestinal tract and are 

believed to exert positive health benefits on their host (O'Callaghanandvan 

Sinderen, 2016). For instance, Bifidobacteria exert a trophic effect on the 

intestinal mucosa through increasing mucus production and enhancing barrier 

integrity(Suez et al., 2019; Мokrozub et al., 2015). In particular, some  

Bifidobacteria are able to modulate proinflammatory cytokine expression and 

anti- inflammatory properties (Plaza-Diaz et al., 2014; Sichetti et al., 2018). 

Therefore, we concluded that the anti- inflammatory and barrier-reinforcing 

effects of Bifidobacteria are likely reasons for the protective effect of LV, in good 

agreement with our findings of increased expression of tight junction proteins in 

the MTX+LV group relative to MTX alone.  

Considering the above results and prior reports that increased exogenous 

intake of probiotics or the use of fecal microbiota transplantation (FMT) can 

ameliorate drug- induced gut inflammation (Wang et al., 2018), we hypothesize 

that probiotics or FMT might replace LV as a rescue method to decrease the 
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intestinal toxicity of MTX. Moreover, exogenous intake of inulin-type fructans 

may help reduce the MTX-induced intestinal toxicity, as it has been reported that 

supplementation with inulin-type fructans induces an increase of the number of 

Bifidobacterium (Cani et al., 2007). On the other hand, MTX is metabolized by 

the gut microbiota to the toxic metabolite 2, 4-diamino-N (10)-methylpteroic acid 

(DAMPA) in the intestine(Widemann et al., 2000). Therefore, the changes in the 

composition of the intestinal microbiota may change the metabolism of MTX, 

thereby affecting the gastrointestinal toxicity of MTX. However, further studies 

of these complex dynamics are required. 

It should be noted that we specially focused on Bifidobacterium longum 

species due to the significant changes oberseved at the genus level of 

Bifidobacteriaceae and prior reports suggesting that Bifidobacterium longum 

ameliorated gut inflammation. Therefore, it is still necessary to use metagenomic 

sequencing technology and q-PCR technology to find other different species in 

further studies. In addition, experiments on whether Bifidobacteriaceae longum  

influences the therapeutic effect of MTX when it decreases the intestinal toxicity 

will also be of key value. Moreover, changes in microbial composition may 

further affect the immune system which is also involved in MTX-induced 

intestinal toxicity (Zhou et al., 2018). Therefore, the cross-talk between the host 

immune system and the gut microbiota might be another promising avenue of 

research in LV rescue therapy. 

5. Conclusion 
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In conclusion, the present study demonstrates the protection effects of LV 

against MTX-induced intestinal damage and microbiota imbalance. Interestingly, 

the intragastric administration of Bifidobacterium longum significantly 

ameliorated MTX-induced intestinal damage. Together, these data highlight the 

important roles of the balance and the composition of gut microbiota in the 

gastrointestinal toxicity of MTX and the protective effect of LV. 
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Figure legends: 

Fig 1. Leucovorin ameliorated methotrexate-induced weight loss. (A) The record of 

average weight from day1~day23 after weight regulation (n=7/group). Shown are the 

means ± SEM; *P < 0.05, compared with Con group; # P＜0.05, compared with MTX 

group. (B) The change of weight between daly23 and day1 (n=7/group). Shown are the 

means ± SEM; **P < 0.01, compared with Con group; # P＜0.05, compared with MTX 

group. 

Fig 2. Leucovorin ameliorated methotrexate-induced intestinal damage. (A) 

Representative photographs of the gut sections with H&E; (B) The scores of H&E 

staining results: degree of inflammation, degree of tissue damage, mucosal hyperplasia 

and loss of goblet cells. Shown are the means ± SEM; 
**

P < 0.01, compare with CON 

group;
 ## 

P＜0.01, compare with MTX group. 

Fig 3. Leucovorin ameliorated methotrexate-induced intestinal inflammation. (A) 

Representative Western blot picture, showing the expression levels of IL-6, IL-10, ZO1 

and β-actin proteins in the four groups. (B-D) Changes in the expression levels of IL-6, 

IL-10 and ZO1 protein. Data are expressed as mean ± SEM (n = 3). 
*
P < 0.05, compared 

with Con group;
 #  

P＜0.05, compare with MTX group. The statistical analysis was 

carried out by one-way analysis of variance (ANOVA) followed by LSD’s post hoc test. 

Fig 4. Leucovorin ameliorated methotrexate-induced alpha-diversity decreasing. (A) 

α-diversity containing ACE index of the gut microbiota in MTX-treated, 

CMC-Na-treated, MTX+LV-treated and LV-treated mice on day 23. Shown are the means 

± SEM; * P < 0.05, **P < 0.01. (b) α-diversity containing Shannon Index of the gut 

microbiota in MTX-treated, CMC-Na-treated, MTX+LV-treated and LV-treated mice on 
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day 23. Shown are the means ± SEM; * P < 0.05, **P < 0.01 

Fig 5. Leucovorin ameliorated methotrexate-induced shift of microbial composition. (A) 

Changes of taxonomic composition of gut microbiota in day23. Stacked bar charts 

showed the individual variability of the relative abundances of MTX, Con, MTX+LV and 

LV groups. (B) Unweighted UniFrac principal co-ordinates analysis (PCoA) of the gut 

microbiota in four groups mice on day23. 

Fig 6. Leucovorin remodeled the gut microbial communities in methotrexate-treated 

mice. The cladogram diagram shows the microbial species with significant differences in 

the four groups. Red, green, and blue indicate different groups, with the species 

classification at the level of phylum, class, order, family, and genus shown from the 

inside to the outside. The red, green, and blue nodes in the phylogenetic tree represent 

microbial species that play an important role in the Con, MTX, MTX+LV groups, 

respectively. Yellow nodes represent species with no significant difference. 

Fig 7. Bifidobacteria longum ameliorated weight loss and intestinal damages caused by 

methotrexate (A) The record of average weight of MTX-treated mice and 

MTX+BIB-treated mice from day1~day23 after weight regulation (n=6/group). Shown 

are the means ± SEM; 
*
P < 0.05, compared with Con group;

 # 
P＜0.05, compared with 

MTX group. (B) The change of weight between day23 and day1 (n=6/group). Shown are 

the means ± SEM; 
**

P < 0.01, compared with Con group;
 ## 

P＜0.01, compared with 

MTX group. (C) Representative photographs of the gut sections with H&E; (D) The 

scores of H&E staining results: degree of inflammation, degree of tissue damage, 

mucosal hyperplasia and loss of goblet cells. Shown are the means ± SEM; 
**

P < 0.01, 
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compared with Con group;
 ## 

P＜0.01, compared with MTX group. (E) Representative 

Western blot picture, showing the expression levels of IL-6, IL-10, ZO1 and β-actin 

proteins in the three groups. (F-H) Changes in the expression levels of IL-6, IL-10 and 

ZO1 protein. Data are expressed as mean ± SEM (n = 3). 
*
P < 0.05, compared with Con 

group;
 # 

P＜0.05, compared with MTX group. The statistical analysis was carried out by 

one-way analysis of variance (ANOVA) followed by LSD’s post hoc test. 
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Highlights： 

 LV ameliorated MTX-induced intestinal toxicity. 

 LV attenuated MTX-induced imbalance of the intestinal microbiota. 

 Bifidobacterium mediated LV’s protection against MTX-induced intestinal 

toxicity. 

 Oral Bifidobacteria longum ameliorated MTX-induced intestinal toxicity. 
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