
World Journal of Biology Pharmacy and Health Sciences, 2026, 27(03), 001–008 

1 

METHOTREXATE-FOLATE INTERPLAY: FROM PHARMACOLOGICAL 
MECHANISMS TO CLINICAL TOXICITY MANAGEMENT 

Niqhat Fatma Rizvi 1, *, Madhulika Tiwari 2, Zoomi Singh 3, Fatima Rani 4 and Shoebul Haque 5 

1 Sr. Clinical Dietician, M.Sc. Nutritional Science, University of Allahabad, UP. 
2 Senior Resident, Department of Pharmacology and Therapeutics, MV Autonomous State Medical College, Gazipur, 
Lucknow, U.P., India . 
3 Assistant Professor, School of Health Sciences College: Uttar Pradesh Rajarshi Tandon Open University, Prayagraj, 
UP. 
4 Senior Resident, Department of Pharmacology and Therapeutics, King George’s Medical University, Lucknow, U.P., 
India. 
5 Assistant Professor, Department of Pharmacology, Era’s Lucknow Medical College & Hospital, Lucknow, U.P., India. 
* Corresponding Author

ORCID Details 
Niqhat Fatma Rizvi: https://orcid.org/0009-0006-8610-3626 
Zoomi Singh: https://orcid.org/0000-0003-4638-142X 
Shoebul Haque: https://orcid.org/0000-0002-5881-861X 

World Journal of Biology Pharmacy and Health Sciences, 2026, 27(03), 001–008 

Publication history: Received on 17 July 2026; revised on 30 August 2026; accepted on 01 September 2026 

Article DOI: https://doi.org/10.30574/wjbphs.2026.27.3.0447 

Copyright © 2026 Author(s) retain the copyright of this article. This article is published under the terms of the Creative 
Commons Attribution License 4.0 

ABSTRACT 

Methotrexate (MTX) is an established therapeutic agent used extensively in oncology and the management of chronic 
inflammatory and autoimmune disorders. Despite its clinical effectiveness, MTX may produce adverse effects involving 
the gastrointestinal tract, liver, bone marrow, and other rapidly dividing tissues. Many of these toxicities are associated 
with interference with folate-dependent metabolic pathways. Folate supplementation has therefore become an 
important strategy for improving the safety and tolerability of MTX therapy. This review examines the pharmacological 
basis of the interaction between MTX and folate, the clinical benefits of folic acid supplementation, and the role of folinic 
acid in the management of MTX toxicity. MTX inhibits dihydrofolate reductase and, following intracellular 
polyglutamation, affects several folate-dependent pathways involved in nucleotide synthesis and cellular metabolism. 
In low-dose MTX therapy, additional mechanisms, including altered purine metabolism and adenosine signalling, 
contribute to its anti-inflammatory effects. Evidence from clinical studies and systematic reviews indicates that folic 
acid supplementation can reduce several MTX-associated adverse effects, particularly gastrointestinal symptoms, oral 
mucosal toxicity, and elevations in hepatic enzymes, without substantially compromising the therapeutic efficacy of 
low-dose MTX. In contrast, folinic acid (leucovorin) has a distinct role as rescue therapy following high-dose MTX 
treatment and in clinically significant MTX toxicity. Management of severe toxicity may also require hydration, urinary 
alkalinisation, monitoring of serum MTX concentrations and renal function, and, in selected cases, glucarpidase. Recent 
research has further explored oxidative stress, intestinal injury, and pharmacogenetic factors as potential contributors 
to MTX toxicity, although their clinical applications require further validation. Overall, appropriate folate 
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supplementation represents an important component of safe MTX therapy, while individualized monitoring and timely 
rescue remain essential for preventing and managing serious toxicity. 

Keywords:  Methotrexate, Folic Acid, Drug–Nutrient Interaction, Methotrexate Toxicity, Folate Supplementation. 

1 INTRODUCTION 

Methotrexate (MTX) is an important drug used in both oncology and the treatment of chronic inflammatory diseases.[1] 
It is widely used in conditions such as leukaemia, rheumatoid arthritis, and psoriasis. Although the dose and therapeutic 
goals differ across these conditions, MTX interferes with folate-dependent cellular pathways and thereby alters cellular 
proliferation and metabolism.[2] Folate, or vitamin B9, is required for several essential metabolic processes. It provides 
one-carbon units needed for the synthesis of purines and thymidylate and is therefore important for DNA synthesis and 
cell division.[3] Folate-dependent reactions also contribute to amino acid metabolism and cellular methylation 
processes. Tissues with rapid cell turnover, such as the bone marrow and gastrointestinal mucosa, are particularly 
dependent on an adequate supply of folate.[4] 

The pharmacological actions of MTX are complex and depend on the dose and clinical setting. At higher doses, inhibition 
of dihydrofolate reductase (DHFR) is a major component of its antiproliferative action. MTX also undergoes intracellular 
polyglutamation, which prolongs its effects on several folate-dependent enzymes.[5] In low-dose therapy for 
inflammatory diseases, however, its anti-inflammatory effects involve additional pathways, including altered purine 
metabolism and increased adenosine signalling. The same effects that contribute to the therapeutic activity of MTX can 
also produce toxicity.[6] Gastrointestinal symptoms, oral mucositis, hepatotoxicity, and bone marrow suppression are 
among the important adverse effects associated with treatment. These effects have led to the widespread use of folate 
supplementation, particularly during long-term low-dose MTX therapy.[7] Understanding the interaction between MTX 
and folate is therefore important for reducing toxicity while maintaining the therapeutic benefits of treatment. 

1.1 Mechanism of Methotrexate Action 

Methotrexate (MTX) interferes with several folate-dependent metabolic pathways. One of its important targets is 
dihydrofolate reductase (DHFR), which converts dihydrofolate to tetrahydrofolate. Inhibition of DHFR reduces the 
availability of reduced folate cofactors required for nucleotide synthesis.[8] This can limit the formation of purines and 
thymidylate, thereby affecting DNA synthesis and cell proliferation. These effects are particularly important in cells 
undergoing rapid division. This explains the antiproliferative activity of MTX in many malignant conditions.[9] However, 
normal tissues with high rates of cell turnover can also be affected. The gastrointestinal mucosa and bone marrow are 
particularly susceptible, which contributes to adverse effects such as mucositis and myelosuppression. Thus, the clinical 
effects of MTX depend on the dose, treatment duration, intracellular metabolism, and disease being treated. The same 
pharmacological pathways that contribute to its therapeutic effects can also contribute to toxicity. This provides an 
important basis for understanding the role of folate supplementation during MTX therapy. 

 

Figure 1: Illustration of mechanism of action of methotrexate. 

1.2 Mechanism of Interaction with Folic Acid 

Methotrexate (MTX) and folate have a close pharmacological relationship because MTX interferes with folate-
dependent metabolic pathways. The nature of this interaction depends on the dose of MTX and the clinical setting. [10] In 
high-dose therapy, inhibition of dihydrofolate reductase (DHFR) reduces the availability of reduced folate cofactors and 



World Journal of Biology Pharmacy and Health Sciences, 2026, 27(03), 001–008 

3 

contributes to the inhibition of nucleotide synthesis.[11] In low-dose therapy, additional mechanisms contribute to the 
anti-inflammatory effects of MTX. Folate supplementation can reduce some of the unwanted effects associated with low-
dose MTX treatment.[12] Folic acid provides a source of folate that can support normal cellular metabolism. Clinical 
studies have shown that supplementation can reduce adverse effects, particularly gastrointestinal symptoms and 
abnormalities in liver enzymes, without causing a clinically important loss of MTX efficacy in most patients. This makes 
folic acid supplementation an important part of long-term low-dose MTX therapy.[13] 

Folic acid and folinic acid should not, however, be considered equivalent. Folic acid requires conversion to reduced 
folate forms through normal folate metabolism. Folinic acid (leucovorin) is a reduced folate and can provide folate 
cofactors without requiring DHFR-mediated reduction.[14] It is therefore used as a rescue agent in selected clinical 
situations, particularly after high-dose MTX therapy and in significant MTX toxicity. The timing and dose of folate 
supplementation are important. Routine folic acid supplementation is generally used to improve the tolerability of low-
dose MTX, whereas leucovorin is used when more immediate folate rescue is required.[15] These differences are 
important when considering the balance between reducing MTX toxicity and preserving its therapeutic effects 

 

Figure 2: Mechanism of Interaction with Folic Acid & Methotrexate 

2 CLINICAL MANIFESTATIONS OF THE INTERACTION 

Methotrexate-related adverse effects can become more frequent or severe when folate supplementation is not provided 
during long-term low-dose therapy. The clinical presentation varies with the dose, treatment duration, renal function, 
and other patient-related factors. Gastrointestinal and mucosal effects are among the commonly reported problems.[16] 
Patients may develop nausea, reduced appetite, abdominal discomfort, or oral mucositis. Painful oral ulcers can 
sometimes interfere with eating and may lead to poor treatment adherence. Hepatic effects are also important during 
long-term treatment.[17] Methotrexate may cause elevations in liver transaminases, although the severity varies 
between patients. Regular monitoring of liver function is therefore important during therapy. Bone marrow toxicity is 
less common but can be serious. Myelosuppression may result in anaemia, leukopenia, or thrombocytopenia.[18] Severe 
cases can increase the risk of infection or bleeding and may require interruption of methotrexate treatment and 
appropriate rescue measures.[19] These adverse effects can affect treatment adherence, particularly when 
gastrointestinal or mucosal symptoms persist. Folate supplementation has therefore become an important strategy for 
improving the tolerability of low-dose methotrexate therapy. However, folate supplementation does not replace routine 
clinical and laboratory monitoring for methotrexate toxicity. 
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3 ROLE OF FOLIC ACID SUPPLEMENTATION 

Folic acid supplementation is widely used with low-dose methotrexate (MTX), particularly in rheumatoid arthritis and 
other chronic inflammatory diseases. MTX interferes with folate-dependent pathways, which may contribute to some 
of its adverse effects.[20] Folate supplementation can help improve the tolerability of treatment without causing a 
clinically important reduction in MTX efficacy in most patients. Clinical studies have reported fewer adverse effects 
among patients receiving folic acid with MTX. The benefits are particularly evident for gastrointestinal symptoms and 
abnormalities in liver enzymes. Nausea, reduced appetite, and oral discomfort may become less troublesome with 
supplementation.[21] This can make long-term MTX treatment easier for patients to tolerate. Folic acid supplementation 
may also reduce MTX-associated elevations in liver transaminases. This is clinically relevant because hepatic adverse 
effects can lead to additional monitoring, dose adjustment, or treatment interruption. By reducing treatment-related 
toxicity, folate supplementation may also improve adherence to MTX therapy. 

Evidence from systematic reviews supports the use of folic acid as a strategy to reduce several MTX-related adverse 
effects. A reduction in gastrointestinal symptoms, abnormal liver enzyme levels, and treatment withdrawal has been 
reported in patients receiving folate supplementation.[22] However, the magnitude of benefit varies between studies and 
may depend on the dose and timing of folic acid administration. Importantly, folic acid supplementation should be 
viewed as a supportive measure rather than a substitute for appropriate MTX monitoring. Patients receiving MTX still 
require appropriate assessment of blood counts, liver function, renal function, and other clinical risk factors.[23] The 
available evidence supports folic acid supplementation as an effective approach to improve the safety and tolerability 
of long-term low-dose MTX therapy 

4 EFFECT ON METHOTREXATE EFFICACY 

One important concern with folic acid supplementation is whether it may reduce the therapeutic effect of methotrexate 
(MTX). This question is particularly relevant in patients receiving long-term low-dose MTX for inflammatory diseases. 
A recent systematic review of methotrexate-associated hepatotoxicity in patients with psoriasis highlighted that hepatic 
toxicity is multifactorial and influenced by patient-specific factors such as obesity, diabetes, hyperlipidaemia, alcohol 
consumption, and pre-existing liver disease. The review also noted that folic acid supplementation may help mitigate 
MTX-associated hepatic toxicity, although the optimal supplementation regimen remains inconsistent across clinical 
practice.[24] However, most of the available evidence relates to low-dose MTX used in inflammatory diseases. These 
findings should therefore not be directly extrapolated to high-dose MTX regimens used in oncology, where folate rescue 
follows a different clinical strategy. 

Table 1: Difference between Folic Acid vs Folinic Acid 

Feature Folic acid Folinic acid (leucovorin) 

Chemical form Oxidized folate Reduced folate 

DHFR requirement Yes, for conversion to reduced 
folate 

Bypasses DHFR 

Typical role Supplementation with low-
dose MTX 

Rescue therapy 

Low-dose  

MTX toxicity 

May help prevent toxicity Used when clinically significant toxicity occurs 

High-dose MTX Not the standard rescue agent Standard rescue strategy 

Timing Depends on regimen Carefully timed according to MTX regimen/levels 

Therapeutic drug 
monitoring 

Usually not required Essential in HD-MTX rescue protocols 

Glucarpidase Not required May be used alongside leucovorin in selected severe 
delayed-clearance cases 

5 ROLE OF FOLINIC ACID (LEUCOVORIN) IN METHOTREXATE THERAPY 

Folinic acid, also known as leucovorin, is a reduced form of folate used in specific situations during methotrexate (MTX) 
treatment. Its role is different from that of routine folic acid supplementation. Folinic acid can provide reduced folate 
cofactors without depending on dihydrofolate reductase (DHFR) for their formation.[25] Leucovorin is an important 
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component of rescue therapy following high-dose methotrexate (HD-MTX). It is usually started at a planned time after 
MTX administration and continued according to the treatment protocol and, where appropriate, serum MTX 
concentrations.[26] The aim is to protect normal tissues from prolonged folate antagonism while allowing the intended 
antitumor effect of MTX to occur. 

Leucovorin is also used in the management of significant MTX toxicity. This is particularly important when MTX 
elimination is delayed and drug concentrations remain elevated. Renal impairment is an important cause of delayed 
MTX clearance. Early recognition and timely leucovorin administration are therefore essential in severe toxicity. 
Management of serious MTX toxicity may also require supportive measures such as adequate hydration, urinary 
alkalinization, and close monitoring of renal function and serum MTX concentrations. In selected cases of severe toxicity 
with delayed MTX clearance, glucarpidase may be considered.[27] Thus, leucovorin should be viewed as part of a broader 
toxicity-management strategy rather than as a replacement for appropriate monitoring and supportive care. 

 

Figure 3: Role of Folinic Acid (Leucovorin) in Methotrexate Therapy  

6 RECENT ADVANCES  

Individualized approaches to folate supplementation have also received attention. Factors such as MTX dose, treatment 
duration, renal function, nutritional status, and previous toxicity may influence the risk of adverse effects. Genetic 
variants in folate-related pathways, including MTHFR, have been studied as possible predictors of MTX response and 
toxicity.  Advances in the management of MTX toxicity have focused mainly on early recognition and timely rescue.[28] 
Glucarpidase is an important option for selected patients with severe MTX toxicity and delayed clearance. It rapidly 
converts MTX into inactive metabolites and can markedly reduce circulating MTX concentrations. Its use is generally 
considered alongside leucovorin and supportive treatment rather than as a replacement for them.[29] Current 
management of significant MTX toxicity therefore relies on a combination of appropriate hydration, urinary 
alkalinization, monitoring of renal function and serum MTX concentrations, and timely leucovorin rescue.[19] Early 
recognition of delayed clearance remains essential for preventing serious complications. 

Clinical Guidelines and Recommendations 

The dose and timing of supplementation may vary according to clinical guidelines, treatment indication, methotrexate 
dose, and individual patient factors. Commonly used regimens include folic acid 1 mg once daily, with some treatment 
protocols omitting folic acid on the day of methotrexate administration.[13] Another widely used approach is weekly 
supplementation, in which folic acid is administered as a single dose approximately 24–48 hours after methotrexate.[30] 
The choice between daily and weekly supplementation depends on local clinical practice and patient-specific 
requirements. 

6.1 Clinical Benefits 

The principal clinical benefit of folic acid supplementation is the reduction of methotrexate-associated toxicity and 
improvement in treatment tolerability. Reduction in these adverse effects may improve patient comfort, reduce 
treatment interruptions, and support adherence to long-term methotrexate therapy.[31] Thus, folic acid provides a 
practical approach to improving the safety profile and long-term acceptability of methotrexate therapy while allowing 
patients to continue receiving its therapeutic benefits. 
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7 DISCUSSION 

Methotrexate (MTX) continues to have an important place in the treatment of malignancies and chronic inflammatory 
disorders. Its therapeutic and toxic effects are closely linked to its interference with folate-dependent pathways, 
although the underlying mechanisms differ according to dose and clinical indication. In high-dose therapy, inhibition of 
dihydrofolate reductase and intracellular retention of MTX polyglutamates contribute to impaired nucleotide synthesis 
and injury to rapidly dividing normal tissues. In contrast, the anti-inflammatory effects of low-dose MTX involve 
additional mechanisms, particularly alterations in purine metabolism and adenosine signaling. This difference is 
important when interpreting the role of folate supplementation across different treatment settings. 

A clear distinction should also be maintained between folic acid supplementation and folinic acid rescue. Folic acid is 
generally used during low-dose MTX therapy to reduce treatment-related toxicity, whereas folinic acid (leucovorin) has 
a more specific role in high-dose MTX rescue and significant toxicity. Patients with delayed MTX elimination, particularly 
those with impaired renal function, require prompt assessment and appropriate management.[32] Monitoring serum 
MTX concentrations and renal function, together with adequate hydration and urinary alkalinization, is central to the 
management of high-dose MTX exposure. In selected cases of delayed clearance with severe toxicity, glucarpidase may 
be required in addition to leucovorin and supportive treatment. The possibility of tailoring MTX therapy according to 
individual risk is an emerging area of interest. Factors such as renal function, comorbidities, concomitant medicines, 
treatment intensity, and previous toxicity can influence patient susceptibility. Genetic variations in folate-related 
pathways, including MTHFR, have also been investigated; however, current evidence is insufficient to support routine 
genotype-guided adjustment of MTX or folate supplementation.[33] Future research should therefore focus on 
identifying reliable predictors of toxicity and determining whether individualized supplementation and monitoring 
strategies can further improve the safety and long-term use of MTX. 

8 CONCLUSION 

The review also highlights the important distinction between routine folic acid supplementation and folinic acid rescue. 
Folic acid is mainly used to reduce toxicity during low-dose methotrexate therapy, whereas folinic acid has a specific 
role in high-dose methotrexate rescue and the management of clinically significant toxicity. In patients with delayed 
methotrexate elimination, particularly those with renal impairment, timely recognition and appropriate management 
are essential. Leucovorin, supportive measures, therapeutic monitoring, and, in selected severe cases, glucarpidase may 
be required. Thus, effective management of methotrexate toxicity involves a coordinated approach rather than reliance 
on folate supplementation alone. 

Limitations 

This review has several limitations. The available evidence includes studies conducted in different clinical populations, 
using different methotrexate doses, folate regimens, treatment durations, and outcome measures, which makes direct 
comparison between studies difficult. Much of the evidence supporting routine folic acid supplementation comes from 
patients receiving low-dose methotrexate for inflammatory diseases and therefore cannot automatically be 
extrapolated to high-dose methotrexate used in oncology. In addition, some emerging evidence concerning oxidative 
stress, intestinal injury, and pharmacogenetic factors is derived predominantly from experimental or observational 
research, and its clinical relevance remains uncertain. Variation in recommendations regarding the dose and timing of 
folate supplementation also limits the ability to identify a single universally applicable regimen. 

Future Perspectives 

Future research should focus on developing more individualized approaches to folate supplementation based on 
methotrexate dose, renal function, treatment duration, comorbidities, and individual risk of toxicity. Further clinical 
studies are also needed to clarify the optimal dose and timing of folic acid and to determine whether emerging 
biomarkers or pharmacogenetic factors can reliably predict methotrexate toxicity. Greater understanding of oxidative 
stress, intestinal injury, and other cellular mechanisms may provide additional opportunities for preventing or treating 
methotrexate-associated toxicity. Such advances could help achieve a more personalized balance between maintaining 
the therapeutic benefits of methotrexate and minimizing its adverse effects. 
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