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SAMENVATTING
Het huidige rapport is opgesteld naar aanleiding van de vraag om in een literatuuroverzicht de
vermeende neurotoxische effecten van foliumzuur samen te vatten. Enkele dierexperimentele
studies gaven aan dat foliumzuur, indien direct toegediend in de hersenen, neurotoxisch en
epileptogeen is. In 1970 maakte een, overigens slecht gecontroleerde en niet gereproduceerde,
studie melding van neurotoxische symptomen, zoals malaise, slaapverstoring en mentale
stoornissen in veertien gezonde vrijwilligers, die een maand lang dagelijks 15 mg foliumzuur
oraal kregen toegediend. Vijf jaar later werden convulsies gemeld na hoge intraveneuze
toediening van foliumzuur aan een patiënt met een slecht gecontroleerde epilepsie. Overigens
zijn er geen gegevens, die duiden op een direct neurotoxisch effect in de mens bij oraal
foliumzuurgebruik. Op het risico voor maskering van vitamine B12 deficiëntie door foliumzuur
wordt kort ingegaan.
Klinische studies, waarbij patiënten langdurig (tot 3 jaar lang) 5 tot 15 mg per dag kregen
toegediend gaven geen aanwijzing voor aan foliumzuur gerelateerde neurotoxiciteit. Tenslotte
wordt uiteengezet, dat een deficiëntie in foliumzuur, die de synthese van
S-adenosylhomocysteine remt en stapeling van homocysteïne veroorzaakt, wél kan leiden tot
neurotoxische schade.
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SUMMARY
The present review summarises the neurotoxicological effects of folic acid. Some studies in
animals have shown that folic acid is neurotoxic and epileptogenic when applied directly to the
brain. One poorly controlled and not further reproduced study from 1970 reported neurotoxic
symptoms like malaise, sleep disturbances, and mental changes in 14 healthy volunteers who
took daily 15 mg of folic acid for one month. Five years later seizures were reported in a
patient with poorly controlled epilepsy after high intravenous doses of folic acid. There are no
further data that indicate that oral folic acid is directly neurotoxic in humans. In addition,
clinical studies, where daily doses of 5 to 15 for up to 3 years were applied, did not show any
evidence of folate associated neurotoxicity. Moreover, a deficiency in folic acid, that induces a
decrease in the synthesis of S-adenosyl-homocysteine and accumulation of homocysteine, may
lead to neurotoxicological damage.
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1. INTRODUCTION
Folates have been claimed to retain neurotoxic properties. The basis of this claim may be
retrieved from results observed in older studies (before 1985) performed in vitamin B12deficient patients. Deficiency of vitamin B12 can cause neurologic damage (subacute combined
degeneration of the spinal cord (SACD), which is thought to occur due to interruption of the
methylation cycle, and reduced ability to methylate myelin basic protein. Delayed
haematological recognition of vitamin B12 deficiency allows the associated neurologic
deterioration to progress, and may ultimately result in permanent damage to the nervous
system.
Following the identification and chemical synthesis of folic acid in 1946, but before the
isolation of vitamin B12, folic acid was used, usually in doses of 5 mg or higher, to treat
pernicious anaemia. However, contrary to the effect of folic acid supplementation on the
haematological symptoms, the neurological abnormalities in vitamin B12-deficient patients are
not cured by folic acid [1] (cf. section 4). Some early studies even claimed that folic acid
therapy in patients with vitamin B12 deficiency might aggravate, or even induce neurological
lesions. More important in this respect is that folic acid supplementation may mask the
diagnosis of pernicious anaemia.
Finally, one early study reported in ‘The Lancet’ in 1970 [2] scared everyone as this study
reported neurotoxic symptoms like malaise, sleep disturbances, and mental changes in
14 healthy volunteers who took daily 15 mg of folic acid for one month. The results of this
poor controlled study have, however, never been confirmed by others.
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2. BACKGROUND INFORMATION
2.1 Sources of folates
Folate is the generic term for compounds that have a common vitamin activity (water-soluble
B-vitamins). The folates include the synthetic form of the vitamin folic acid (PGA,
pteroylglutamic acid, methylformate) that is not present in nature. Folic acid is used to indicate
the parent compound, whilst folate is used in a generic sense to indicate one or a mixture of
pteroylglutamates. Folinic acid (calcium folinate, methyl-THF) is a folic acid derivative, used
as drugs in cancer therapy.
Most mammals, including man, cannot synthetise folic acid and hence must necessarily obtain
it from food. Food supplements and food nutrition fortifications mostly contain
pteroylmonoglutamate (PMG) which is a synthetic and more stable form of folic acid. Natural
(dietary) folates are mostly reduced folates, i.e. derivatives of tetrahydrofolates (THF), such as
5-methyl-, 5-formyl- and 5,10-methylene-THF, and exist mainly as pteroylpolyglutamates (up
to nine glutamate molecules attached to a pteridine ring). Green vegetables and citrus fruits
contain high amounts of folates, mostly in its reduced form as polyglutamate. Before entering
the circulation, single glutamine units (monoglutamates) are split off from the polyglutamate in
the small intestine. In serum, folates are notably present as N5-methyl-THF and bound to
specifically folate-binding proteins. In red blood cells various folates are present such as
5,10-methylene-THF, and most folates are stored in the liver. Daily food intake of folic acid in
Europe is 250-300 µg; in the Netherlands the mean daily folate intake is 251 µg [3].
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2.2 Physiological role
The biological active THF-compounds serve as co-enzyme the single carbon transfer reactions,
where for instance methyl-, formyl- or hydroxymethylgroups are transferred to substrates. The
THF acts as a C1-acceptor and the substituted THF-compound as C1-donor. As such folic acid
is important for protein synthesis, and DNA- and RNA-synthesis. Consequently, folic acid is
required in rapid growing tissues, like the development and outgrow of the foetus, blood
forming organs and the epithelium. In addition, folic acid is required for the synthesis of
S-adenosylhomocysteine, which is extremely important for the further biosynthesis of brain
neurotransmitters (serotonin and dopamine) and phospholipids, like phosphatidylcholine and
phosphatidylserine (cf. Section 6). Finally, folic acid is involved in the metabolic pathway of
homocysteine (cf. Fig. 1) so that folate supplementation effectively decreases homocysteine
level.
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3. FOLATE DEFICIENCY
3.1 Prevalence of folate deficiency
An increased prevalence of folate deficiency is present in elderly populations. Clarke et al. [4]
recently reported among a sample of men and women aged 50-75 in Oxford, U.K., at least
10-20% was folate deficient. In a recent Dutch survey [5] 4% of men aged 50-79 -but not in
other age-gender groups- were found to have low serum folate levels i.e. below the 2.5
percentile of Dutch blood donors (5 nM) which is not dramatically high. Secondly, some
investigators have reported an association of oral contraceptive use with a slight reduction in
folate level [5], although others have found no effect of these drugs on folate status (reviewed
by Davis [6]). Finally, the chronic use of certain drugs increases the folic acid demand, and
patients using such drugs should be supplemented, as well. Examples of such drugs are
dihydrofolic acid reductase inhibitors like methotrexate, aminopterine, anti-epileptica, like
hydantoids and barbiturates (cf. section 6.1), and anti-malaria drugs like pyrimethamine [7].

3.2 Indications for folic acid supplementation
Folic acid supplementation can be used to decrease the high levels of homocysteine found in
hyperhomocyst(e)inemia. Maximal homocysteine decreasing effects (up to 25%) are observed
at daily doses of 350 to 400 µg folic acid [8-10]. To decrease homocysteine level seems to be
relevant, because associations have been observed between hyperhomocyst(e)inemia and
various diseases, like cardiovascular disease [11-13], Alzheimer disease [14] and cancer [15].
There is, however, still no conclusive evidence on the importance of hyperhomocyst(e)inemia
as risk factor for cardiovascular disease [11-13], so that supplementation of folic acid is only
advised to patients with a strongly elevated homocysteine levels ( > 15 µM) [16].
The only actual indication of folate supplementation is the neural tube defect (NTD). Since
1993 the Dutch Health Council advocates women with child wish to use of folic acid (400 µg
pteroylmonoglutaminic acid per day) starting four weeks before till at least eight weeks after
conception to prevent neural tube effects [17]. Numerous studies have shown the efficacy of
folate supplementation in NTD. One recent population-based result is the 19% reduction in
NTD birth prevalence (from 37.8 per 100,000 live births before fortification to 30.5 per
100,000 live births) that followed folic acid fortification of food in the US. During the same
period, NTD birth prevalence declined from 53.4 to 46.5 per 100,000 (PR 0.87; 95% C.I., 0.64-
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1.18) for women who received only third-trimester or no prenatal care [18].
The supplementation of folic acid to women with child wish has been criticised by Davis [20].
In a part of the general population (5-15%) that has a variant of 5,10-methyl-THF reductase,
folate deficiency may arise from a genetic defect. This enzyme is essential for catalysing the
transfer of a methyl group to homocysteine to form methionine [19], and in principle the defect
can be overcome by the mass action of large quantities of folate (food enrichment). It is,
however, questionable to supply folate (at 5 mg/day) to the 85% of women who do not need it.
According to Davis, a better way of dealing with this issue would be to find out who has an
inherited abnormal reductase [20]. This criticism is only partly correct, as it is widely
acknowledged that pregnant women simply have a higher demand of folate, indicating the need
for folate supplementation.

3.3 Guidelines of folate supplementation
The European Federation of Health Product Manufacturers Associations (EHPM) recommends
a long-term upper safe level of 1000 µg/day [21]. The RDA (recommended daily allowance) in
the Food Labelling Regulations (cf. EC Directive on nutritional labelling of foodstuffs
90/496/EEG) is 200 µg. The Council for Responsible Nutrition in the U.K. recommends an
upper safe level of 400 µg folic acid per day for long term supplementation and 700 µg/day for
short term supplementation [22].
According to the EVM-assessment group, an expert panel of the UK Food Standards Agency
(FSA) on vitamins and minerals [23], a supplemental dose of 1 mg/day is not expected to cause
adverse effects in the general population. Because of the consistency of the data, from a large
number of studies in humans, no uncertainty factors were applied. Assuming a maximum
intake from food of approximately 0.5 mg/day, a total dose of 1.5 mg/day is not expected to
have any adverse effects.
The British National Formulary (BNF) notes that folic acid should not be prescribed alone in
the presence of vitamin B12 deficiency. Especially at the higher daily dose range of folic acid
(1 to 15 mg) there is some evidence of a higher incidence of neuropathy in vitamin B12
deficient patients. Data from randomised, controlled trials regarding this aspect are lacking.
However, it has been generally concluded from anecdotal reports that oral folic acid
supplementation at doses less than 5 mg/day is rarely associated with a direct adverse effect on
vitamin B12-associated neurological damage. On this basis The Dutch Health Council [17]
advised an upper daily intake level for adults of 1 mg (synthetic folic acid; PGA;
pteroylmonoglutamic acid).
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4. ADVERSE EFFECTS
Adverse effects that have been reported for folic acid are:
1. masking and exacerbation neurological symptoms due to vitamin B12 deficiency;
2. epileptogenic and neurotoxic effects;
3. decreased efficacy of folate antagonists in cancer therapy;
4. impairment of zinc absorption and status.
Though the adverse effects of folate have been extensively reviewed [7, 24-26], there is no
systematic toxicological evaluation of both natural and synthetic reduced folate compounds
available. Both Campbell [24] and Dickinson [25] (the latter reviewed notably the neurological
effects of folates) concluded that the information was inconclusive, and consists mainly of case
reports or small groups of patients, and uncontrolled studies of questionable quality. The
adverse effects that arose in those studies were not confirmed in larger trials. Monitoring side
effects in thousands of patients receiving 0.4 to 4 mg folate and in smaller numbers of patients
taking large doses for several years revealed no evidence for toxicity (cf. Table 1).
In general, folic acid is now considered as safe, excesses of the compound are mostly excreted
in the urine. Gastrointestinal disturbances, and hypersensitivity reactions such as
bronchospasm, skin rash have been reported. Adverse reactions to folic acid are rare at usual
supplemental doses of up to 5 mg/day. The consequences of long-term excessive intakes are,
however, not clearly established so that, in the opinion of the Dutch Health Council [28, 29], it
is not possible to draw a definitive conclusion regarding the safety PMG. The available
evidence with respect to the various safety issues is summarised below.

4.1 Masking of vitamin B12 deficiency
Deficiency of vitamin B12 induces virtually the same haematological symptoms as seen with
folic acid deficiency. In subjects with a non-diagnosed low vitamin B12 level, supplementation
with folates normalises the haematological symptoms of the vitamin B12 deficiency but not the
neurological complications (neuropathy; nerve damage). As such, folic acid supplementation
may mask vitamin B12 deficiency. No data are available or will come available shortly (for
ethical reasons it is hardly feasible to perform such studies) on the toxicity of folate in
marginally vitamin B12 deficiency. No controlled studies have been performed that show that
folic acid treatment affects the course of untreated vitamin B12 deficiency. This topic will be
addressed more extensively in subsequent report that will appear in 2004.
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5. DIRECT TOXICITY OF FOLATES
5.1 Animal studies
Folates are hardly toxic considering the high LD50 values of 305 mg/kg (i.v. injection) and
> 10 g/kg (p.o.) for folic acid in mice [30]. Parchure et al. [31] reported mean LD50 values for
intraperitoneal (i.p.) administered folic acid in the range of 85-330 mg/kg b.w. for different
mouse strains tested. The symptoms observed in those studies, such as convulsions, ataxia and
muscular weakness prior to death, occurred generally 3 to 4 days after treatment.
Histopathological examination showed acute renal necrosis in many animals. Other studies
have also shown that the parenteral administration of high doses of folic acid into rats (100 400 mg/kg b.w.) or mice (75 mg/kg b.w.) produces precipitation of the compound in the renal
tubules and renal hyperplasia, hypertrophy and necrosis [32-36]. Hence, the renal effects
appear to be non-specific.
In a study of the synergistic effects of folic acid and the anti-malaria drug pyrimethamine (an
inhibitor of dihydrofolate reductase), female rats were supplemented from days 7-17 of
gestation, by gavage. Folic acid treatment (50 mg/kg b.w. per day) showed no significant
maternal or embryotoxicity, as compared with vehiculum [37].

5.2 Human data
This paragraph originates from previous reports of Food Standard Agency [23, 38], which
were further adapted and extended by the authors.
In 1970 Hunter et al. [2] reported disturbing toxic effects after treatment of 14 (6 males and
8 females) healthy volunteers aged 22 to 57 years with a mean age of 36 years with 5 mg folic
acid three times daily for 1 month. To exclude vitamin B12 deficiency and possible neuropathy,
serum vitamin B12 was assessed at the start of the study and one month later (390 and
400 pg/ml, respectively). During treatment folate mean serum level rose from 4.5 µg/L at the
start of the study to more than 120 µg/L (range 65 µg/L to >180 µg/L). In addition, the
volunteers were interviewed weekly to trace neurological symptoms. During the treatment
thirteen subjects showed a variety of toxic effects, whereas one volunteer remained unaffected
throughout the study. Symptoms varied from vivid anxiety dreams, malaise and irritability,
sleep disturbances, and over-activity. In four these developed within 72 hours, in the others in
the last two weeks.
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Table 1. Absence of reported effects after folic acid supplementation to humans without
apparent vitamin B12 deficiency. This table is extracted from a report of the FSA-expert group
on vitamins and minerals (reference 38) and further extended/up-dated.
Subjects
Healthy women
Healthy women
Hyperhomocysteine patients
Healthy women
Lactating women
Subjects incl. CAD-patients
Renal transplant recipients
Healthy women
Hypercholesterolaemia
Healthy subjects
Healthy subjects
Healthy subjects
Patients with CAD
Healthy women
Women with CIN
Haemodialysis patients
Healthy volunteers
Myocard patients
Vitiligo subjects
Male smokers
Cervical neoplasia patients
renal dialysis patients
Folate-deficient epileptics
Psychiatric patients
Folate-deficient epileptics
Epileptics
Folate-deficient epileptics
Epileptics
Psychiatric patients
Depressive patients
Patients with tropical sprue

Number

Dose

Treatment

subjects

(mg)#

period

121
144
100
1871
42
242
60
900
20
101
16
227
95
101
331
29
20
16
52
73
235
27
41
41
51
30
26
24
22
20
50

< 0.4
0.5
0.65
0.8
1
1-2
2.4
4
5
5
5
5
5
5
5
5
10
10
10
10
10
15
15
15
15
15
15
20
15-30
50
100

6 months
4 weeks
6 weeks
>12 weeks
3 months
3 weeks
12weeks
>12 weeks
4 weeks
4 weeks
5 weeks
8 weeks
1-3
12-14
6 months
1 year
2 weeks
6 weeks
≈3 months
4 months
6 months
8 weeks
6 months
6 months
26 weeks
< 1 year
1-3 years
11 weeks
8 weeks
4-6 weeks
2 weeks

Reference
[40] Daly et al., 1997
[41] Brouwer et al., 1999
[42] Ubbink et al., 1994
[43] Czeizel et al., 1992
[44] Mackey et al., 1999
[45] Malinow et al., 1997
[46] Beaulieu et al., 1999
[47] MRC 1991
[48] Verhaar et al., 1999
[123] Fokkema et al., 2001
[49] Chao et al., 1999
[50] Den Heijer et al., 1998
[51] Lobo et al., 1999 *
[52] Vergel et al., 1990
[53] Childers et al., 1995
[124] van Gulderen et al, 1999
[54] Wilmink et al., 2000
[55] Landgren et al., 1995
[56] Juhlin et al., 1997
[57] Heimburger et al., 1988
[58] Butterworth et al., 1992
[59] Bostom et al., 1996
[115] Mattson et al., 1973
[126] Godfrey et al., 1990
[128] Grant and Stores, 1970
[102] Gibberd et al., 1981
[99] Reynolds, 1967
[129] Jensen and Olesen, 1970
[127] Alpert et al., 2002
[125] Guaraldi et al., 1993
[40] Suarez et al., 1947

# Daily dose (mg); * this study reported adverse reactions: 1 in placebo and 1 folic acid group.
CAD: coronary artery disease; CIN: cervical intraepithelial neoplasia.
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Table 2. Absence of reported effects after folic acid supplementation to humans without
apparent vitamin B12 deficiency (case studies).
Number of subjects

Daily dose (mg)

Treatment period

1

30

10 weeks

1

60

3 years

4

1000

1 to 3 weeks

4

120-150

1 dose

Reference
[122] Richens, 1971
[27] Sheehy, 1973
[119] Zettner et al., 1981
[120] Czeizel and Tomcsik,
1999

This study was, however, not placebo controlled, and the results were not confirmed in a
similar but double blind randomised study in 20 healthy subjects by Hellstrom et al. [39]. In
contrast to the study of Hunter, serum folate levels increased in the study of Hellstrom et al.
less (from 6.8 µg/L to 51.0 µg/L), and no differences between placebo and treatment groups
were observed. Other more recent studies, summarised in Table 1and 2 (further details of these
studies have been described in Annex 1), showed no adverse effects, as well.
In some countries, cereals and other foods have been enriched for some years with PMG. As
far as is known now, no adverse effects have been reported, though it is neither known whether
such effect have been systematically registered. In the U.K. suspected adverse reactions to
medicinal products are reported to the Committee on Safety of Medicines/Medicines Control
Agency. The number of reports received depends on many factors, but is known to endure
from considerable “under-reporting” of reactions. Most of the adverse reactions reported for
products containing folic acid relate to multi-constituent products, and may, therefore, not be
directly attributable to folic acid. For single constituent folic acid products a low number of
adverse reactions have been reported with no trend or pattern to indicate a particular problem
(no details could be retrieved). In this respect, Mills [60] pleaded for an adequate monitoring
system to signal the adverse effects of folic acid supplementation.
Comment by the authors: various clinical studies have shown that patients, receiving up to
three years a daily dose of 5 to 15 mg folate, showed no adverse effects. It should,
however, be noted that it was not the specific aim of most studies to determine such
adverse effects. Studies using higher dosages and/or longer duration have not been
performed.
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6. TOXICITY OF FOLINIC ACID
Folinic acid (the calcium salt is marketed as Leucovorin®) is formyl-tetrahydrofolic acid
(N5-formyl-THF), an active metabolite of folic acid and thus naturally circulating in the body.
In recent years, folinic acid has been introduced clinically in patients with advanced colorectal
cancer, breast cancer, gastric cancer and head and neck cancer, to increase the therapeutic
efficacy of 5-fluorouracil (5-FU) and to reduce methotrexate toxicity.
According to Martindale’s pharmacophoeia, folinic acid is devoid of any serious toxicity but
may rarely cause nausea. In mice, folinic acid is toxic at doses above 800 mg/m2 body surface
i.v. and a LD50 i.v. value of 730 mg/kg.
Based on results from clinical studies folinic acid is recommended in very high dose, in
combination with 5-fluorouracil (5-FU), for the treatment of cancer. The weekly dose of folinic
acid is 500 mg/m2 (900 mg/week; dose as a 2 hour infusion) given up to 48 weeks. Each cycle
consists of five consecutive treatment weeks followed by a 3-week rest period. The cumulative
dose during 48 weeks (6 cycles) is around 27000 mg per patient (6x5x900). This implicates an
average daily dose of 80 mg per day. Folinic acid is also frequently administered in moderate
to high doses at an appropriate interval after high dose methotrexate (“folinic acid rescue”).
The recommendation for leucovorin rescues are: to administer 12 times a dose of 18 mg
(approximately 10 mg/m2) every 6 hours (54 mg/day during 3 days) starting 24 hours after the
beginning of the methotrexate infusion.
In combination with 5-FU, folinic acid may lead to more pronounced mucositis, precipitation
of seizures, myelosuppression and diarrhea, but no neurotoxicological signs have been reported
[61, 62].
Comment by the authors: The natural folic acid derivative, folinic acid, shows no
toxicological signs under clinical conditions when it is used in cycling regimes at a dose
of 80 mg per day for 48 weeks (based on six treatment cycles).
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7. NEUROTOXIC EFFECTS OF FOLATES
7.1 Animal studies
Various animal experimental evidence is available, showing that in several species folates have
powerful excitatory and convulsive properties, especially when applied directly into the brain
[63-69]. For example, sodium folate is 100 times more epileptogenic than comparable
nanomolar concentrations of sodium glutamate [68, 70]. This evidence is mainly based upon in
vitro tissue and cell culture studies, and/or in vivo studies using very high dose levels (i.v.
dosages 60-90 mg; note that LD50 value is ≈ 300 mg/kg i.v.).
In one study with vervet monkeys a dose of 25.6 mg of folic acid per day was given to 3 male
monkeys for 99 days without any obvious toxic side effect [71]. It was, however, not indicated
what was examined in this study.
Direct injection of high doses of folic acid or methyl-tetrahydrofolate into the brain (i.c.v.) or
spinal fluid causes seizures in rats [72-74]. At very high dose, intravenous of folic acid also
caused convulsions in mice, but compared with i.c.v. injection, the intravenous EC50-value was
1000-fold higher, and the latency time to seizure largely prolonged [75]. If the animal is,
however, already vulnerable to seizures or the blood-brain barrier is damaged locally, for
example by a heat lesion, the dose of intravenous folate required to produce an epileptogenic
effect is much reduced [68, 70].
The mechanism of the excitatory properties of folates is not really known, but there is some
evidence that this property is related by blocking or reversing GABA-mediated inhibition [65,
76-79]. Epileptic phenomena induced by folates resemble those induced by dis-inhibitory
compounds, like bicuculline, strychnine, and picrotoxin. In many respects they are also
different from those induced by direct excitatory drugs such as kainic acid, carbachol, and
neostigmine [80]. Based on in vitro results, Thomas et al. [81] recently suggested that the
neurotoxic effects of folates were due to the release of glutamate residues from polyglutamates.
Following oral administration, folic acid shows only minor effects. Hommes et al. [82]
reported that changes in dietary folate content produced inverse effects on the pentylenetetrazol
(PT) seizure thresholds of rats. Wistar rats were fed for 8-11 months diets containing folic acid
at either 0.4 mg/kg (≈ 0.02 mg/kg b.w./day; FA-deficient), 2.7 mg/kg (≈ 0.14 mg/kg b.w./day;
standard) or 50 g/kg (≈ 2500 mg/kg b.w./day; FA-supplemented). Finally, PT-threshold levels
were assessed. Folate-deficient animals showed reduced weight gain compared with the other
groups. PT-thresholds were 19% lower (P < 0.02) in the supplemented group compared with
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the control group, indicating a small pro-epileptogenic effect of folate.
Carl & Smith [83] reported that oral folic acid supplementation (20 mg/kg diet, ≈ 1 mg/kg
b.w./day) did not affect phenytoin levels in phenytoin-treated rats, but caused an increase in
post-seizure recovery time. Equivalent folic acid supplementation in non-phenytoin-treated
animals significantly increased folate concentrations in all tissues examined, except the brain.
Chou & Levy [84] observed no effects of folic acid treatment (0.1 - 0.4 mg/kg b.w./day, for
19 days in drinking pregnant or non-pregnant rats.

7.2 Human studies
Weissberg et al. [85] reported an uncontrolled study on the neurological effects, following folic
acid supplementation at 20 mg/day for 9-12 months, in 26 subject, 22 of whom were (nonpernicious) anaemia patients. Prior to therapy, 6 of the normal subjects and 7 of the anaemic
subjects showed some abnormal neurological signs, which were not significantly altered during
the therapy. Four subjects (1 normal, 3 anaemic) developed central nervous system (CNS)
changes during the folic acid treatment, but these changes were not considered to be related to
the therapy.
Harvey et al. [86] reported that oral supplementation with folic acid (20 mg/day for
3-12 months) produced no signs of spinal cord or peripheral nerve damage in 40 healthy
subjects without pernicious anaemia (13 subjects had mild hypochromic anaemia). Similarly,
folic acid supplementation was not associated with symptoms of neurotoxicity in a study of 18
patients with Parkinson disease who were treated with 15 mg/day folic acid therapy for periods
of 14 to 182 days [87].
Supplementation studies (15 mg/day for 45 days) with Parkinson disease patients did not show
an effect on the incidence of neurological defects. Also, following i.v. treatment with dosages
up to 150 mg, no adverse effects have been reported (for review see refs [7, 24]).
A case study on a 47-year-old woman with bilateral retrobulbar optic neuropathy showed that
folic acid deficiency caused the disorder (serum vitamin B12 level was normal) as her serum
folic acid concentration was decreased. After treatment with oral folic acid and diet
modification the patient's visual function returned to normal [88].
Folic acid levels were measured in the serum of 343 patients with various neurological
diseases, and 36 patients (10.5%) showed decreased serum folate levels. Folate administration
(15 mg/day) to folate-deficient patients improved neurological symptoms in 24 of 36 cases
(67%). Neurological symptoms were more frequently improved by folate supplementation to
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patients with neuropathy than exclusive encephalopathy [89].
In summary, there is no clear evidence for neurotoxicity induced by folic acid in humans.
Some cases of neurological adverse effects have been reported following ingestion of folic acid
tablets (3 mg), or folic acid containing multivitamin supplements, but it can not be excluded
that these were due to an (undiagnosed) vitamin B12 deficiency (see Dickinson [25]).
Comment by the authors: Studies in animals have shown that folic acid is neurotoxic and
epileptogenic when applied directly to the brain. However, there are few data indicating
that oral folic acid is directly neurotoxic in humans and supplementation studies in nonpernicious anaemia subjects have not shown evidence of associated neurotoxicity. The
concerns about neurotoxicity are based on animal studies and one report of seizures in a
patient with poorly controlled epilepsy after high intravenous dose [90].
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8. EPILEPTOGENIC EFFECTS
8.1 Reduction of folate by anti-epileptic drugs
Anticonvulsant pharmacotherapy may reduce blood levels of folic acid and dramatically
increase homocysteine levels [91-93]. One preliminary study showed that pregnant women
who use anticonvulsant drugs without folic acid supplementation have an increased risk of
having a child with birth defects such as heart defects, cleft lip and palate, neural tube defects,
and skeletal abnormalities. However, supplementation with folic acid greatly reduces the risk
[94]. Consequently, some healthcare practitioners recommend that women taking (multiple)
anticonvulsant drugs should be supplemented with 1 to 5 mg of folic acid daily, for three
months prior to conception and during the first trimester, to prevent folic acid deficiencyinduced birth defects [95-97].

8.2 Impairment of seizure control
Folic acid should be given with caution to drug-treated epileptic patients, because seizure
control by the drugs may be impaired. In one study with epileptic patients
electroencephalographic changes were noted after administration of 7.2 mg of folic acid, and
seizures after 14.4 and 19.2 mg seizures in a patient with poorly controlled epilepsy after high
intravenous doses [90]. Other studies have indicated that as little as 0.8 mg of folic acid taken
daily can increase the frequency and/or severity of seizures [98, 99]. This occurs, however,
only in a small number of cases [100]. Other controlled studies in persons with uncontrolled, or
drug controlled epilepsy at oral dosages between 15-20 mg/day or less showed no increased
risk for seizures [24, 101]. These data are therefore inconclusive.
One well-controlled study, however, showed that the addition of folic acid to multiple
anticonvulsant therapy reduced the seizure frequency, though the effect was not significantly
better than with placebo [102]. In addition, three infants with seizures who were unresponsive
to medication experienced immediate relief following supplementation with the active form of
folic acid [103]. The reason of this inconsistency in results is not clear.
It has been further suggested that a folic acid deficiency induced by anti-epileptic drugs might
form the basis for the neuropsychiatric toxicity associated with these drugs. This was recently
addressed by Ali et al. who investigated the effect of the addition of folic acid to lamotrigine
(LTG) therapy with respect to epilepsy, mood and memory in mice [104]. LTG exhibited a
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dose-dependent increase in seizure threshold, whereas folate did not have any effect. LTG did
not affect, whereas folic acid decreased, behavioural depression in the mouse Forced
Swimming Test. The combination of LTG and folic acid significantly reduced depression
while enhancing the effects on memory and seizure threshold. The authors concluded that folic
acid shows a beneficial effect.
Because of the normally efficient blood-brain barrier mechanism that limits the entry of the
vitamin into the nervous system, the risk to epileptic patients is small, especially in the short
term. However, damage to the blood-brain barrier-for example, due to trauma-may lead to local
accumulation of folate and patients with partial epilepsy may, therefore, be at some greater risk
[64, 66].
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9. FOLATE DEFICIENCY AND NEUROTOXICITY
Mechanistic reasons can be put forward that rather a deficiency in folate than a supra-maximal
dose of folate triggers neurotoxicity. The mechanism of neurotoxicity due to folate deficiency
is based on the increased levels of the endogenous methylating compound S-adenosylmethionine (SAM) and homocysteine.
Folate (5-methyl-THF) provides the methyl group for the conversion of the amino acid
methionine to SAM. SAM is further converted to S-adenosylhomocysteine (SAH) which is
then metabolised to homocysteine (cf. Fig 1.). The amount of homocysteine present in a tissue
or blood is usually low because it is further metabolised with the aid of dietary factors
including vitamin B6, vitamin B12, folic acid, methionine, and choline. Note that SAM has
shown to be much more effective in transferring methyl groups than other methyl donors, and
is the major methyl donor for most methyltransferases.
Animal studies have shown that a deficiency of folic acid (or other dietary factors) results in
decreased synthesis of SAM and permits accumulation of SAH or homocysteine [14, 105,
106]. Defects in methylation induces neurotoxicity [106-109]. Secondly, Poirier et al. [105]
reviewed that diminished activity of methionine adenosyltransferase, the enzyme that actually
synthesizes SAM, is associated both with demyelination of nervous tissue in man [110].
Finally, anti-convulsants like phenytoin and valproic acid might decrease the concentration
SAM and increase the homocysteine level (cf. Poirier et al. [105]), decrease overall
methylation of embryonic DNA, and induce reversible myelinolysis in the brain [111-114].
With respect to increased homocysteine levels due to inhibition of SAM-synthesis by folate
deficiency, it has been shown that homocysteine acts as an agonist at the N-methyl-D-aspartate
(NMDA) receptor, promoting excitotoxicity [115]. Under pathological conditions (stroke, head
trauma) homocysteine may induce neurotoxicity through overstimulation of the NMDAreceptor [116, 117].
Ambrosch et al. [118] investigated the association between homocysteine and the prevalence of
neuropathy in Type 2 diabetes mellitus in a total of 65 Type 2 diabetic subjects. Logistic
regression analysis showed that homocysteine was significantly, though borderline, associated
with the prevalence of neuropathy (odds ratio per 5 µM increase in homocysteine level: 2.60;
95% confidence interval 1.07-6.33).
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10. CONCLUSION
The data that were available in 2003, and reviewed here, showed no evidence for a neurotoxic
effect of folic acid. Since, no long-term studies or studies using high dose have been performed
that would enhance our knowledge on this topic. However, intrathecal administration (direct
administration in spinal / central compartment) of folate does induce neurotoxicity. The
masking of vitamin B12 deficiency by folic acid is potentially dangerous and this aspect will be
described later in more detail.
Except for one poorly controlled study from 1970 performed in 14 volunteers receiving 15 mg
folate daily for one month, and a case report from 1975 on seizures in one patient with poorly
controlled epilepsy after high intravenous doses of folic acid, there are no data indicating that
oral folic acid is directly neurotoxic in humans. A deficiency in folic acid, however, is more
likely to induce neurotoxicological damage.

RIVM report 340230001

page 22 of 38

REFERENCES
1. Herbert V. The nutritional anemias. Hosp Pract 1980; 15, 65-89.
2. Hunter R, Barnes J, Oakeley HF, and Matthews DM. Toxicity of folic acid given in
pharmacological doses to healthy volunteers. Lancet 1970; 1, 61-63.
3. de Bree A, van Dusseldorp M, Brouwer IA, het-Hof KH, and Steegers-Theunissen RP.
Folate intake in Europe: recommended, actual and desired intake. Eur J Clin Nutr 1997;
51, 643-660.
4. Clarke R, Refsum H, Birks J, Evans JG, Johnston C, Sherliker P, Ueland PM, Schneede
J, McPartlin J, Nexo E, and Scott JM. Screening for vitamin B-12 and folate deficiency
in older persons. Am J Clin Nutr 2003; 77, 1241-1247.
5. Brussaard JH, Lowik MR, van den Berg H, Brants HA, and Goldbohm RA. Folate
intake and status among adults in the Netherlands. Eur J Clin Nutr 1997; 51 Suppl 3,
S46-S50.
6. Davis RE. Clinical chemistry of folic acid. Adv Clin Chem 1986; 25, 233-294.
7. Butterworth C-EJ and Tamura T. Folic acid safety and toxicity: a brief review. Am J
Clin Nutr 1989; 50, 353-358.
8. Jacques PF, Bostom AG, Wilson PW, Rich S, Rosenberg IH, and Selhub J.
Determinants of plasma total homocysteine concentration in the Framingham Offspring
cohort. Am J Clin Nutr 2001; 73, 613-621.
9. Selhub J, Jacques PF, Wilson PW, Rush D, and Rosenberg IH. Vitamin status and
intake as primary determinants of homocysteinemia in an elderly population. JAMA
1993; 270, 2693-2698.
10. Verhoef P, Stampfer MJ, Buring JE, Gaziano JM, Allen RH, Stabler SP, Reynolds RD,
Kok FJ, Hennekens CH, and Willett WC. Homocysteine metabolism and risk of
myocardial infarction: relation with vitamins B6, B12, and folate. Am J Epidemiol
1996; 143, 845-859.
11. Cleophas TJ, Hornstra N, van Hoogstraten B, and van der Meulen J. Homocysteine, a
risk factor for coronary artery disease or not? A meta-analysis. Am J Cardiol 2000; 86,
1005-9.
12. Scott JM. Homocysteine and cardiovascular risk. Am J Clin Nutr 2000; 72, 333-334.
13. Ueland PM, Refsum H, Beresford SA, and Vollset SE. The controversy over
homocysteine and cardiovascular risk. Am J Clin Nutr 2000; 72, 324-332.

RIVM report 340230001

page 23 of 38

14. Clarke R, Smith AD, Jobst KA, Refsum H, Sutton L, and Ueland PM. Folate, vitamin
B12, and serum total homocysteine levels in confirmed Alzheimer disease. Arch Neurol
1998; 55, 1449-1455.
15. Giovannucci E, Stampfer MJ, Colditz GA, Rimm EB, Trichopoulos D, Rosner BA,
Speizer FE, and Willett WC. Folate, methionine, and alcohol intake and risk of
colorectal adenoma. J Natl Cancer Inst 1993; 85, 875-884.
16. Nederlandse Hartstichting. Homocysteïne en hart en vaatziekten. Den Haag:
Nederlandse Hartstichting 2001.
17. Voedingsraad/Gezondheidsraad. Vervolgadvies inzake Foliumzuurvoorziening in
relatie tot neuralebuisdefecten. Voorlichtingsbureau voor de Voeding. Den Haag. 1993.
18. Honein MA, Paulozzi LJ, Mathews TJ, Erickson JD, and Wong LY. Impact of folic
acid fortification of the US food supply on the occurrence of neural tube defects. JAMA
2001; 285, 2981-2986.
19. Molloy AM, Daly S, Mills JL, Kirke PN, Whitehead AS, Ramsbottom D, Conley MR,
Weir DG, and Scott JM. Thermolabile variant of 5,10-methylenetetrahydrofolate
reductase associated with low red-cell folates: implications for folate intake
recommendations. Lancet 1997; 349, 1591-1593.
20. Davis RE. Effects of folic acid. Lancet 2002; 359, 2038-2039.
21. Shrimpton D. Vitamins and minerals: a scientific evaluation of the range of safe
intakes. Report commissioned by the European Federation of Health Product
Manufacturers Associations (EHPM). 1997; Council for Responsible Nutrition, Thames
Ditton, UK.
22. Council for Responsible Nutrition. The Safe Use of Supplements Benefits Good Health.
1999.
23. Expert group on vitamins and minerals (EVM). Safe upper levels for vitamins and
minerals. Food Standard Agency, UK , ISBN 1-904026-11-7, 2003.
24. Campbell NR. How safe are folic acid supplements? Arch Intern Med 1996; 156, 16381644.
25. Dickinson CJ. Does folic acid harm people with vitamin B12 deficiency? QJM 1995;
88, 357-364.
26. Eichholzer M, Luthy J, Moser U, Stahelin HB, and Gutzwiller F. Sicherheitsaspekte der
Folsaure fur die Gesamtbevolkerung. Schweiz Rundsch Med Prax 2002; 91, 7-16.
27. Sheehy TW. Folic acid: lack of toxicity. Lancet 1973; 1, 37.
28. Health Council of the Netherlands. Risks of folic acid fortification. The Hague: Health

RIVM report 340230001

page 24 of 38

Council of the Netherlands, publication No. 2000/21, 2000.
29. Health Council of the Netherlands. Dietary reference intakes: vitamin B6, folic acid and
vitamine B12. The Hague: Health Council of the Netherlands, publication No 2003/04,
2003.
30. Beliles RP. The influence of pregnancy on the acute toxicity of various compounds in
mice. Toxicol Appl Pharmacol 1972; 23, 537-540.
31. Parchure M, Ambaye RY, Lalitha VS, and Gokhale SV. Acute toxicity of folic acid in
mice. Experientia 1985; 41, 72-73.
32. Byrnes KA, Ghidoni JJ, and Mayfield E-DJ. Response of the rat kidney to folic acid
administration. I. Biochemical studies. Lab Invest 1972; 26, 184-190.
33. Gaddis RR, Louis-Ferdinand RT, and Beuthin FC. Differential effects of folic acid on
water content, protein and microsomal 5'-phosphodiesterase activity of the rat kidney.
Food Chem Toxicol 1982; 20, 159-164.
34. Kavlock RJ, Rehnberg BF, and Rogers EH. Amphotericin B- and folic acid-induced
nephropathies in developing rats. Toxicol Appl Pharmacol 1985; 81, 407-415.
35. Klingler E-LJ, Evan AP, and Anderson RE. Folic acid-induced renal injury and repair.
Correlation of structural and functional abnormalities. Arch Pathol Lab Med 1980; 104,
87-93.
36. Searle CE and Blair JA. The renal toxicity of folic acid in mice. Food Cosmet Toxicol
1973; 11, 277-281.
37. Chung MK, Han SS, and Roh JK. Synergistic embryotoxicity of combination
pyrimethamine and folic acid in rats. Reprod Toxicol 1993; 7, 463-468.
38. Expert group on vitamins and minerals. Review of folic acid. Food Standard Agency
UK, report EVM/00/18, 2002.
39. Hellstrom L. Lack of toxicity of folic acid given in pharmacological doses to healthy
volunteers. Lancet 1971; 1, 59-61.
40. Daly S, Mills JL, Molloy AM, Conley M, Lee YJ, Kirke PN, Weir DG, and Scott JM.
Minimum effective dose of folic acid for food fortification to prevent neural-tube
defects. Lancet 1997; 350, 1666-1669.
41. Brouwer IA, van Dusseldorp M, Thomas CM, Duran M, Hautvast JG, Eskes TK, and
Steegers-Theunissen RP. Low-dose folic acid supplementation decreases plasma
homocysteine concentrations: a randomized trial. Am J Clin Nutr 1999; 69, 99-104.
42. Ubbink JB, Vermaak WJ, van der Merwe A, Becker PJ, Delport R, and Potgieter HC.
Vitamin requirements for the treatment of hyperhomocysteinemia in humans. J Nutr

RIVM report 340230001

page 25 of 38

1994; 124, 1927-1933.
43. Czeizel AE and Dudas I. Prevention of the first occurrence of neural-tube defects by
periconceptional vitamin supplementation. N Engl J Med 1992; 327, 1832-1835.
44. Mackey AD and Picciano MF. Maternal folate status during extended lactation and the
effect of supplemental folic acid. Am J Clin Nutr 1999; 69, 285-292.
45. Malinow MR, Nieto FJ, Kruger WD, Duell PB, Hess DL, Gluckman RA, Block PC,
Holzgang CR, Anderson PH, Seltzer D, Upson B, and Lin QR. The effects of folic acid
supplementation on plasma total homocysteine are modulated by multivitamin use and
methylenetetrahydrofolate reductase genotypes. Arterioscler Thromb Vasc Biol 1997;
17, 1157-1162.
46. Beaulieu AJ, Gohh RY, Han H, Hakas D, Jacques PF, Selhub J, and Bostom AG.
Enhanced reduction of fasting total homocysteine levels with supraphysiological versus
standard multivitamin dose folic acid supplementation in renal transplant recipients.
Arterioscler Thromb Vasc Biol 1999; 19, 2918-2921.
47. Prevention of neural tube defects: results of the Medical Research Council Vitamin
Study. MRC Vitamin Study Research Group. Lancet 1991; 338, 131-137.
48. Verhaar MC, Wever RM, Kastelein JJ, van Loon D, Milstien S, Koomans HA, and
Rabelink TJ. Effects of oral folic acid supplementation on endothelial function in
familial hypercholesterolemia. A randomized placebo-controlled trial. Circulation
1999; 100, 335-338.
49. Chao CL, Chien KL, and Lee YT. Effect of short-term vitamin (folic acid, vitamins B6
and B12) administration on endothelial dysfunction induced by post-methionine load
hyperhomocysteinemia. Am J Cardiol 1999; 84, 1359-61,A8.
50. den Heijer M, Brouwer IA, Bos GM, Blom HJ, van der Put NM, Spaans AP, Rosendaal
FR, Thomas CM, Haak HL, Wijermans PW, and Gerrits WB. Vitamin supplementation
reduces blood homocysteine levels: a controlled trial in patients with venous
thrombosis and healthy volunteers. Arterioscler Thromb Vasc Biol 1998; 18, 356-361.
51. Lobo A, Naso A, Arheart K, Kruger WD, Abou-Ghazala T, Alsous F, Nahlawi M,
Gupta A, Moustapha A, van Lente F, Jacobsen DW, and Robinson K. Reduction of
homocysteine levels in coronary artery disease by low-dose folic acid combined with
vitamins B6 and B12. Am J Cardiol 1999; 83, 821-825.
52. Vergel RG, Sanchez LR, Heredero BL, Rodriguez PL, and Martinez AJ. Primary
prevention of neural tube defects with folic acid supplementation: Cuban experience.
Prenat Diagn 1990; 10, 149-152.

RIVM report 340230001

page 26 of 38

53. Childers JM, Chu J, Voigt LF, Feigl P, Tamimi HK, Franklin EW, Alberts DS, and
Meyskens F-LJ. Chemoprevention of cervical cancer with folic acid: a phase III
Southwest Oncology Group Intergroup study. Cancer Epidemiol Biomarkers Prev
1995; 4, 155-159.
54. Wilmink HW, Stroes ES, Erkelens WD, Gerritsen WB, Wever R, Banga JD, and
Rabelink TJ. Influence of folic acid on postprandial endothelial dysfunction.
Arterioscler Thromb Vasc Biol 2000; 20, 185-188.
55. Landgren F, Israelsson B, Lindgren A, Hultberg B, Andersson A, and Brattstrom L.
Plasma homocysteine in acute myocardial infarction: homocysteine-lowering effect of
folic acid. J Intern Med 1995; 237, 381-388.
56. Juhlin L and Olsson MJ. Improvement of vitiligo after oral treatment with vitamin B12
and folic acid and the importance of sun exposure. Acta Derm Venereol 1997; 77, 460462.
57. Heimburger DC, Alexander CB, Birch R, Butterworth C-EJ, Bailey WC, and
Krumdieck CL. Improvement in bronchial squamous metaplasia in smokers treated
with folate and vitamin B12. Report of a preliminary randomized, double-blind
intervention trial. JAMA 1988; 259, 1525-1530.
58. Butterworth C-EJ, Hatch KD, Soong SJ, Cole P, Tamura T, Sauberlich HE, Borst M,
Macaluso M, and Baker V. Oral folic acid supplementation for cervical dysplasia: a
clinical intervention trial. Am J Obstet Gynecol 1992; 166, 803-809.
59. Bostom AG. Folic acid fortification of food. JAMA 1996; 275, 681.
60. Mills JL. Fortification of foods with folic acid--how much is enough? N Engl J Med
2000; 342, 1442-1445.
61. Grem JL, Shoemaker DD, Petrelli NJ, and Douglass H-OJ. Severe and fatal toxic
effects observed in treatment with high- and low-dose leucovorin plus 5-fluorouracil for
colorectal carcinoma. Cancer Treat Rep 1987; 71, 1122.
62. Meropol NJ, Creaven PJ, Petrelli NJ, White RM, and Arbuck SG. Seizures associated
with leucovorin administration in cancer patients. J Natl Cancer Inst 1995; 87, 56-58.
63. Reynolds E. Fortification of flour with folic acid. Fortification has several potential
risks. BMJ 2002; 324, 918.
64. Reynolds E. Effects of folic acid. Lancet 2002; 359, 2039.
65. Reynolds EH. Interictal psychiatric disorders. Neurochemical aspects. Adv Neurol
1991; 55, 47-58.
66. Reynolds EH. Benefits and risks of folic acid to the nervous system. J Neurol

RIVM report 340230001

page 27 of 38

Neurosurg Psychiatry 2002; 72, 567-571.
67. Reynolds EH. Folic acid, ageing, depression, and dementia. BMJ 2002; 324, 15121515.
68. Hommes OR and Obbens EA. The epileptogenic action of Na-folate in the rat. J Neurol
Sci 1972; 16, 271-281.
69. Spector RG. Influence of folic acid on excitable tissues. Nat New Biol 1972; 240, 247249.
70. Hommes OR, Obbens EA, and Wijffels CC. Epileptogenic activity of sodium-folate
and the blood-brain barrier in the rat. J Neurol Sci 1973; 19, 63-71.
71. Venter FS, Cloete H, Seier JV, Faber M, and Fincham JE. Folic acid and vitamin B12
status of vervet monkeys used for nutritional research. Lab Anim 1993; 27, 59-64.
72. Obbens EA and Hommes OR. The epileptogenic effects of folate derivatives in the rat.
J Neurol Sci 1973; 20, 223-229.
73. Olney JW, Fuller TA, de Gubareff T, and Labruyere J. Intrastriatal folic acid mimics
the distant but not local brain damaging properties of kainic acid. Neurosci Lett 1981;
25, 185-191.
74. Snodgrass SR. Vitamin neurotoxicity. Mol Neurobiol 1992; 6, 41-73.
75. Baxter MG, Miller AA, and Webster RA. Some studies on the convulsant action of
folic acid. Br J Pharmacol 1973; 48, 350P-351P.
76. Clifford DB and Ferrendelli JA. Neurophysiologic effects of folate compounds in
hippocampus, in vitro. Brain Res 1983; 266, 209-216.
77. Davies J and Watkins JC. Facilitatory and direct excitatory effects of folate and folinate
on single neurones of cat cerebral cortex. Biochem Pharmacol 1973; 22, 1667-1668.
78. Hill RG and Miller AA. Antagonism by folic acid of presynaptic inhibition in the rat
cuneate nucleus. Br J Pharmacol 1974; 50, 425-427.
79. Otis LC, Madison DV, and Nicoll RA. Folic acid has a disinhibitory action in the rat
hippocampal slice preparation. Brain Res 1985; 346, 281-286.
80. Van Rijn CM, Van der Velden TJ, Rodrigues-de-Miranda JF, Feenstra MG, and
Hommes OR. The influence of folic acid on the picrotoxin-sensitive site of the
GABAa-receptor complex. Epilepsy Res 1988; 2, 215-218.
81. Thomas AG, Olkowski JL, Vornov JJ, and Slusher BS. Toxicity induced by a
polyglutamated folate analog is attenuated by NAALADase inhibition. Brain Res 1999;
843, 48-52.
82. Hommes OR, ten Berge EJ, Jansen MJ, and Kok JC. Effects of change in dietary folic

RIVM report 340230001

page 28 of 38

acid content on pentylenetetrazol seizure threshold in rat. Epilepsia 1977; 18, 431-436.
83. Carl GF and Smith DB. Interaction of phenytoin and folate in the rat. Epilepsia 1983;
24, 494-501.
84. Chou RC and Levy G. Effect of folic acid on the pharmacokinetics of acutely
administered phenytoin in pregnant and nonpregnant rats. J Pharm Sci 1984; 73, 11801182.
85. Weissberg J, McGavack TH, Vogel M, and Kenigsberg S. The effect of folic acid on
the central nervous system of normal subjects with anemia other than pernicious
anemia. Blood 1950; 5, 148-154.
86. Harvey EA, Howard I, and Murphy WP. Absence of a toxic effect of folic acid on the
central nervous system of persons without pernicious anemia. N Engl J Med 1950; 242,
446-447.
87. McGeer PL, Zeldowicz L, and McGeer EG. A clinical trial of folic acid in Parkinson's
disease. Can Med Assoc J 1972; 106, 145-146.
88. Hsu CT, Miller NR, and Wray ML. Optic neuropathy from folic acid deficiency
without alcohol abuse. Ophalmologica 2002; 216, 65-67.
89. Yukawa M, Naka H, Murata Y, Katayama S, Kohriyama T, Mimori Y, and Nakamura
S. Folic acid-responsive neurological diseases in Japan. J Nut Sci Vitamin 2001; 47,
181-187.
90. Ch'ien LT, Krumdieck CL, Scott C-WJ, and Butterworth C-EJ. Harmful effect of
megadoses of vitamins: electroencephalogram abnormalities and seizures induced by
intravenous folate in drug-treated epileptics. Am J Clin Nutr 1975; 28, 51-58.
91. Apeland T, Mansoor MA, Strandjord RE, and Kristensen O. Homocysteine
concentrations and methionine loading in patients on antiepileptic drugs. Acta Neurol
Scand 2000; 101, 217-223.
92. Hendel J, Dam M, Gram L, Winkel P, and JorgensenI. The effects of carbamazepine
and valproate on folate metabolism in man. Acta Neurol Scand 1984; 69, 226-231.
93. Schwaninger M, Ringleb P, Winter R, Kohl B, Fiehn W, Rieser PA, and Walter-Sack I.
Elevated plasma concentrations of homocysteine in antiepileptic drug treatment.
Epilepsia 1999; 40, 345-350.
94. Biale Y and Lewenthal H. Effect of folic acid supplementation on congenital
malformations due to anticonvulsive drugs. Eur J Obstet Gynecol Reprod Biol 1984;
18, 211-216.
95. Barrett C and Richens A. Epilepsy and pregnancy: Report of an Epilepsy Research

RIVM report 340230001

page 29 of 38

Foundation Workshop. Epilepsy Res 2003; 52, 147-187.
96. Hiilesmaa VK, Teramo K, Granstrom ML, and Bardy AH. Serum folate concentrations
during pregnancy in women with epilepsy: relation to antiepileptic drug concentrations,
number of seizures, and fetal outcome. Br Med J (Clin Res Ed) 1983; 287, 577-579.
97. Nulman I, Laslo D, and Koren G. Treatment of epilepsy in pregnancy. Drugs 1999; 57,
535-544.
98. Berg MJ, Rivey MP, Vern BA, Fischer LJ, and Schottelius DD. Phenytoin and folic
acid: individualized drug-drug interaction. Ther Drug Monit 1983; 5, 395-399.
99. Reynolds EH. Effects of folic acid on the mental state and fit-frequency of drug-treated
epileptic patients. Lancet 1967; 1, 1086-1088.
100. Ueda S, Shirakawa T, Nakazawa Y, and Inanaga K. Epilepsy and folic acid. Folia
Psychiatr Neurol Jpn 1977; 31, 327-337.
101. Eros E, Geher P, Gomor B, and Czeizel AE. Epileptogenic activity of folic acid after
drug induces SLE (folic acid and epilepsy). Eur J Obstet Gynecol Reprod Biol 1998;
80, 75-78.
102. Gibberd FB, Nicholls A, and Wright MG. The influence of folic acid on the frequency
of epileptic attacks. Eur J Clin Pharmacol 1981; 19, 57-60.
103. Torres OA, Miller VS, Buist NM, and Hyland K. Folinic acid-responsive neonatal
seizures. J Child Neurol 1999; 14, 529-532.
104. Ali A, Pillai KK, and Pal SN. Effects of folic acid and lamotrigine therapy in some
rodent models of epilepsy and behaviour. J Pharm Pharmacol 2003; 55, 387-391.
105. Poirier LA, Herrera LA, and Wise CK. On the chemical causation of methyl deficiency
and its attendant pathologies. Regulatory Research Perspectives 2003; 3, 1-31.
106. Bottiglieri T. Folate, vitamin B12, and neuropsychiatric disorders. Nutr Rev 1996; 54,
382-390.
107. Ehrlich M. DNA hypomethylation, cancer, the immunodeficiency, centromeric region
instability, facial anomalies syndrome and chromosomal rearrangements. J Nutr 2002;
132, 2424S-2429S.
108. Okano M and Li E. Genetic analyses of DNA methyltransferase genes in mouse model
system. J Nutr 2002; 132, 2462S-2465S.
109. Tan SV and Guiloff RJ. Hypothesis on the pathogenesis of vacuolar myelopathy,
dementia, and peripheral neuropathy in AIDS. J Neurol Neurosurg Psychiatry 1998;
65, 23-28.
110. Chamberlin ME, Ubagai T, Mudd SH, Wilson WG, Leonard JV, and Chou JY.

RIVM report 340230001

page 30 of 38

Demyelination of the brain is associated with methionine adenosyltransferase I/III
deficiency. J Clin Invest 1996; 98, 1021-1027.
111. Behrens S and Pohlmann-Eden B. Reversible Phenytoin induzierte extrapontine
Myelinolyse. Nervenarzt 2001; 72, 453-455.
112. Blindauer KA, Harrington G, Morris GL, and Ho KC. Fulminant progression of
demyelinating disease after valproate-induced encephalopathy. Neurology 1998; 51,
292-295.
113. Kim SS, Chang KH, Kim ST, Suh DC, Cheon JE, Jeong SW, Han MH, and Lee SK.
Focal lesion in the splenium of the corpus callosum in epileptic patients: antiepileptic
drug toxicity? Am J Neuroradiol 1999; 20, 125-129.
114. Ramirez JA, Mendell JR, Warmolts JR, and Griggs RC. Phenytoin neuropathy:
structural changes in the sural nerve. Ann Neurol 1986; 19, 162-167.
115. Mattson MP and Shea TB. Folate and homocysteine metabolism in neural plasticity and
neurodegenerative disorders. Trends Neurosci 2003; 26, 137-146.
116. Lindeman RD, Romero LJ, Koehler KM, Liang HC, LaRue A, Baumgartner RN, and
Garry PJ. Serum vitamin B12, C and folate concentrations in the New Mexico elder
health survey: correlations with cognitive and affective functions. J Am Coll Nutr 2000;
19, 68-76.
117. Lipton SA, Kim WK, Choi YB, Kumar S, D'Emilia DM, Rayudu PV, Arnelle DR, and
Stamler JS. Neurotoxicity associated with dual actions of homocysteine at the Nmethyl-D-aspartate receptor. Proc Natl Acad Sci U S A 1997; 94, 5923-5928.
118. Ambrosch A, Dierkes J, Lobmann R, Kuhne W, Konig W, Luley C, and Lehnert H.
Relation between homocysteinaemia and diabetic neuropathy in patients with Type 2
diabetes mellitus. Diabetic Med 2001; 18, 185-192.
119. Zettner A, Boss GR, and Seegmiller JE. A long-term study of the absorption of large
oral doses of folic acid. Ann Clin Lab Sci 1981; 11, 516-524.
120. Czeizel AE and Tomcsik M. Acute toxicity of folic acid in pregnant women.
Teratology 1999; 60, 3-4.
121. Suarez RM, Spies TD, and Suarez RMJ. The use of folic acid in sprue. Ann Intern Med
1947; 26, 643-677.
122. Richens A. Toxicity of folic acid. Lancet 1971; 1, 912.
123. Fokkema MR, Weijer JM, Dijck-Brouwer DA, van Doormaal JJ, and Muskiet FA.
Influence of vitamin-optimized plasma homocysteine cutoff values on the prevalence of
hyperhomocysteinemia in healthy adults. Clin Chem 2001; 47, 1001-1007.

RIVM report 340230001

page 31 of 38

124. van Guldener C, Janssen MJ, de Meer K, Donker AJ, and Stehouwer CD. Effect of folic
acid and betaine on fasting and postmethionine-loading plasma homocysteine and
methionine levels in chronic haemodialysis patients. J Intern Med 1999; 245, 175-183.
125. Guaraldi GP, Fava M, Mazzi F, and la Greca P. An open trial of methyltetrahydrofolate
in elderly depressed patients. Ann Clin Psychiatry 1993; 5, 101-105.
126. Godfrey PS, Toone BK, Carney MW, Flynn TG, Bottiglieri T, Laundy M, Chanarin I,
and Reynolds EH. Enhancement of recovery from psychiatric illness by methylfolate.
Lancet 1990; 336, 392-395.
127. Alpert JE, Mischoulon D, Rubenstein GE, Bottonari K, Nierenberg AA, and Fava M.
Folinic acid (Leucovorin) as an adjunctive treatment for SSRI-refractory depression.
Ann Clin Psychiatry 2002; 14, 33-38.
128. Grant, RH, Stores, OP. Folic acid in folate-deficient patients with epilepsy. Br Med J
1970; 4, 644-648.
129. Jensen, ON, Olesen, OV. Subnormal serum folate due to anticonvulsive therapy. A
double-blind study of the effect of folic acid treatment in patients with drug-induced
subnormal serum folates. Arch Neurol 1970; 22, 181-182.

RIVM report 340230001

page 32 of 38

Annex 1. Overview of studies depicted in Table 1.
The descriptions below are based on abstracts retrieved from the Med-line database.
Vergel et al. [52] carried out an open trial, in which 101 women with a history of previous
neural tube defect (NTD-) affected pregnancy. Subjects were given 5 mg/day folic acid,
without any other vitamins for a period of around one menstrual period before conception
until the 10th week of pregnancy (81 women fully-supplemented) or a shorter duration
(20 women partially supplemented). Comparison with a similar group of 114 women not
involved in the trial showed a substantially lower incidence of NTDs associated with folic
acid supplementation (0 in the folic acid groups, 4 in the comparison group). Adverse
effects of the therapy were not reported.
Bostom et al. [59] conducted an 8-week trial into the effects of B-vitamin supplementation on
plasma homocysteine levels in a group of 27 renal dialysis patients. Participants were
randomised to daily supplementation with either 15 mg folic acid, 100 mg vitamin B6 +
1 mg vitamin B12, or placebo. All subjects also continued taking a pre-prescribed daily
supplementation of 1 mg of folic acid, 12 µg vitamin B12 and, in some cases, 10 mg
vitamin B6. Plasma homocysteine was significantly reduced after 4 and 8 weeks in the
active treatment, as compared to the placebo, group (mean concentrations after 8 weeks
were ≈ 22 µM and 30 µM in the supplemented and placebo groups, respectively
(P = 0.001, with baseline levels of 30 µM in both groups). To assess the potential side
effects of the therapy, participants were asked to complete a symptom questionnaire at the
end of the study. Active treatment was not associated with an increased frequency of any
specific symptoms (nausea, heartburn, diarrhoea, constipation, rash, itching, muscle aches
or spasms, tiredness/weakness, fainting, nervousness, headaches, sleep problems, tingling
in digits, chest pain, rapid heart beat, nightmares). Biochemical analyses showed no
adverse changes in liver trans-aminases (ALT, AST), creatinine or haematocrit associated
with the therapy.
Wilmink et al. [54] carried out a randomised, double-blind, placebo-controlled crossover trial
to assess the effects of pre-treatment with folic acid supplements (10 mg/day for 2 weeks)
on endothelial function in a group of 20 healthy volunteers. Folic acid supplementation
was associated with a significant improvement in markers of endothelial function after fat
loading and a reduction in urinary malondialdehyde excretion. Adverse effects of the
therapy were not reported.
Landgren et al. [55] assessed the effects of treatment with 2.5 mg/day (17 patients) or
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10 mg/day (16 patients) folic acid on plasma homocysteine levels in acute myocardial
infarction patients treated for 6 weeks either immediately following, or during weeks 6-12
after infarction. Treatment with both doses of folic acid was associated with a significant
reduction in homocysteine levels, as compared with an untreated group (mean decrease of
4.4 µM, P < 0.001 in treated subjects; mean increase of 1.7 µM, P < 0.001, in the untreated
group). Adverse effects of the therapy were not reported.
Chao et al. [49] carried out an open study into the effects of short-term B-vitamin
supplementation on post-methionine load hyperhomocysteinaemia and endothelial
function in 16 healthy volunteers. Supplementation (5 mg/day folic acid, 100 mg/day
vitamin B6 and 0.5 mg/day vitamin B12, for 5 weeks) significantly reduced methionineloading-associated increases in plasma homocysteine as compared with pre-treatment
assessment. Plasma homocysteine concentrations decreased from 22.7 µM to 17.0 µM
implicating a reduction of 25% (P < 0.001). Adverse effects of the therapy were not
reported.
Verhaar. A randomised, double-blind, placebo-controlled, cross-over study by Verhaar et al.
[48] also showed beneficial effects of folic acid supplementation (5 mg/day for 4 weeks)
on endothelial function in 20 subjects with familial hypercholesterolaemia. Adverse effects
of the therapy were not reported.
Den Heijer et al. [50] carried out an 8-week randomised, placebo-controlled trial including
89 patients with a history of recurrent venous thrombosis and 227 healthy volunteers (a
sub-group of whom was classed as hyperhomocysteinaemic if plasma homocysteine levels
were > 16 µM). Patients and hyperhomocysteinaemic volunteers were randomised to
placebo or high-dose combined B-vitamin supplement (5 mg/day folic acid, 0.4 mg/day
hydroxycobalamin, 50 mg/day pyridoxine). Nonhyperhomocysteinaemic volunteers were
randomised to placebo, combined B-vitamins (as above) or single B-vitamins (5 mg/day
folic acid, 0.5 mg/day folic acid or 0.4 mg/day hydroxycobalamin). In all five treatmenttype groups, median plasma homocysteine concentrations were ≈ 12 µM. Both combined
B-vitamin (all groups, median reduction 30%), and folic acid (median reduction for both
doses ≈ 25%), but not cobalamin supplementation significantly (P < 0.001) lowered
plasma homocysteine levels (median pre-treatment levels were ≈ 12 µM in all groups), as
compared to placebo treatment (median reduction of 3%). Adverse effects of the treatment
were not reported but for unknown reasons six subjects withdrew from the trial.
Lobo et al. [51] carried out a 3-month non-randomised, single-blind, placebo-controlled trial to
assess the effects of folic acid (+ B-vitamin) supplementation on plasma homocysteine
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levels in 95 subjects with coronary artery disease. Subjects were assigned to 1 of 4 groups;
placebo; 0.4 mg/day folic acid; 1 mg/day folic acid, and 5 mg/day folic acid. Subjects in
the folic acid treatment groups were also supplemented with vitamins B6 (12.5 mg/day)
and B12 (500 µg/day). All doses of folic acid were associated with a significant reduction
in plasma homocysteine levels after 30 and 90 days treatment, as compared with baseline
values. This effect was not seen in the placebo group (pre- and post-treatment level
≈ 12 µM). Seven subjects reported adverse reactions (no details were given) to the therapy
(one in the placebo group; four in the 0.4 mg/day, one in the 1 mg/day, and one in the 5
mg/day folic acid group).
Beaulieu et al. [46] reported a 12-week trial to assess the effect of folic acid supplementation
on total homocysteine levels in 60 chronic, stable renal transplant recipients. Participants
were randomised to 3 groups; 1] 0.4 mg/day folic acid, 2] 2.4 mg/day folic acid,
3] placebo. All subjects also received 50 mg/day vitamin B6 and 0.4 mg/day vitamin B12.
All groups (including the placebo group) showed statistically significant reductions in
plasma homocysteine concentrations during the study (mean values reduced from ≈ 17 µM
in all groups to ≈ 11, 13 and 14 µM in groups 1, 2 and 3, respectively). As compared with
the placebo group, the percentage reduction in plasma homocysteine levels was
significantly greater in group 1 (P = 0.001), but not group 2 (P = 0.153). Adverse effects of
the therapy were not reported.
Malinow et al. [45] reported that folic acid supplementation (1 or 2 mg/day, for 3 weeks) was
associated with a reduction in plasma homocysteine levels in a randomised, non-placebocontrolled study including 242 participants (102 healthy volunteers; 140 subjects with
coronary heart disease). Adverse effects of the therapy were not reported.
Ubbink et al. [42] carried out a randomised, placebo-controlled study to assess the effects of
supplementation with folic acid and vitamins B6 and B12, alone or in combination, on
plasma homocysteine levels in a group of 100 hyper-homocysteinaemic men. Participants
were randomised to daily supplementation, for 6 weeks, with either 0.65 mg folic acid;
0.4 mg vitamin B12; 10 mg vitamin B6; 0.65 mg folic acid + 0.4 mg vitamin B12 + 10 mg
vitamin B6, or placebo. Folic acid supplementation, either alone, or in combined
supplement, was associated with the most substantial, significant reduction in plasma
homocysteine levels (40 - 50% reduction compared with baseline levels, P < 0.001).
Vitamin B6 or placebo treatment did not significantly alter plasma homocysteine
concentrations. Adverse effects of the therapy were not reported.
Brouwer et al. [41] assessed the effect of folic acid supplementation on plasma homocysteine
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levels in 144 healthy female volunteers. Participants were randomised to supplementation,
for 4 weeks, with either 1] 0.5 mg/day folic acid, 2] 0.5 mg folic acid every 2nd day, or
3] placebo. Folic acid supplementation (both groups) was associated with a significant
reduction in plasma homocysteine levels compared with placebo treatment (≈ 11 and 22 %
reduction compared with baseline values in groups 1 and 2, respectively; P < 0.001).
Adverse effects of the therapy were not reported.
Heimburger et al. [57] reported results from a randomised, doubble-blind, placebo-controlled
trial to assess the efficacy of folic acid + vitamin B12 supplementation in reducing
bronchial squamous metaplasia in smokers. A total of 73 men were randomised to
4 months’ supplementation with either 10 mg folic acid + 0.5 mg hydroxycobalamin, or
placebo. Supplementation was associated with a significant reduction in atypical squamous
metaplasia, but not metaplasia per se. Adverse effects of the therapy were not reported.
Butterworth et al. [58] evaluated the effect of folic acid supplementation on the course of
cervical dysplasia. A total of 235 subjects with grade 1 or 2 cervical intraepithelial
neoplasia were randomly assigned to supplementation with either 10 mg/day folic acid or
placebo, for a period of 6 months. Active therapy was not associated with significant
differences in dysplasia status, biopsy results or prevalence of human papilloma virus type
16 infection. Adverse effects of the therapy were not reported.
Childers [53]. The effect of folic acid supplementation on the natural history of cervical
intraepithelial neoplasia (CIN) was also evaluated in a multi-centre, randomised, doubleblind, placebo-controlled trial. A total of 331 women with various forms of CIN were
randomised to receive oral folic acid supplementation (5 mg/day) or placebo, for 6 months.
Folic acid therapy did not affect serum retinol, retinyl palmitate, α-tocopherol or
β-carotene levels. Adverse effects of the therapy were not reported.
Juhlin and Olsson [56] carried out a 2-year open study to assess the efficacy of folic acid and
vitamin B12 supplementation in the treatment of vitiligo. One hundred patients were treated
with 10 mg/day folic acid + 2 mg/day vitamin B12, for ≈ 3 months. Treatment was
associated with skin re-pigmentation, particularly if combined with exposure to the sun.
Adverse effects of the therapy were not reported.
Mackey and Picciano [44] reported results from a randomised, double-blind, placebocontrolled trial to assess the effects of supplemental folic acid on maternal folate status and
infant growth rate. A total of 42 lactating women was randomised to therapy with either
1 mg/day folic acid, or placebo. All women were also given a daily multivitamin and
mineral supplement. Supplementation was for 3 months, from 3 months postpartum.
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Analyses at 6 months postpartum showed significantly higher mean erythrocyte folate
concentrations, haemoglobin and haematocrit values in the folic acid treated women. A
decline in milk folate levels with time was noted in the control group, but not in the group
treated with folic acid. Anthropometric indices of infant growth showed no significant
differences between the groups. Adverse effects of the therapy were not reported.
Daly et al. [40] carried out a randomised, double-blind, placebo-controlled study, with the aim
to establish a minimum effective dose for folic acid supplementation in the prevention of
NTDs. The measured endpoint was erythrocyte folate levels, the increase in which was
taken as a marker for adequate supplementation. A total of 121 women, with base-line redcell folate levels between 150-400 µg/l, were assigned to 6 months supplementation with
either 100, 200, 400 µg/day folic acid, or placebo. Ninety-five participants completed the
study. All three treatment groups, but not the placebo group, showed significant increases
in median erythrocyte folate levels associated with the treatment, and the authors
concluded that a supplemental daily dose of 100 µg folic acid (ie, via food fortification),
would produce an important decrease in NTD. Adverse effects of the therapy were not
reported.
Creizel and Dudas [43]; MRC [47]. Two large randomised double blind placebo-controlled
trials determined the protecting effect of PMG of neural tube defects [43, 47]. The two
studies used daily doses of 4 mg PMG (900 women; starting at the day of randomisation
till 12 weeks after conception [47], and 800 µg PMG 1817 women starting one month
before conception till ninth week of pregnancy [43], respectively. The incidences of
general side effects (e.g. infertility, irregular menses, vomiting in pregnancy, upper
respiratory illness) reported by women taking part in the trial were similar in all 4 groups.
No other adverse effects have been reported.
Zettner et al. [119] carried out a study of the absorption of folic acid in 4 hyperuricaemic men
given mega-dose supplements (up to 1000 mg/day for periods of approximately
1-3 weeks). The authors reported that these large daily doses of oral folic acid were mostly
not retained within the body, and that supplementation was well tolerated with no evidence
of toxic effects (haematological, liver function and renal function tests were normal in all
patients throughout the study).
Czeizel and Tomcsik [120] reported no acute, adverse effects associated with the ingestion of
folic acid in attempted suicide cases in 4 pregnant women (3 women each ingested 120 mg
folic acid in combination with other compounds; 1 woman ingested 150 mg folic acid
alone).
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Suarez et al. [121] reported that no toxic effects were observed in 50 patients with tropical
sprue treated with oral folic acid at doses of 100-500 mg (single dose) or 5-100 mg/day
(for periods of 10-14 days).
Richens [122]. Individual case reports also suggested that high-level folic acid therapy was
without toxicity. Richens described one subject who took 30 mg/day folic acid for
10 weeks with no adverse effects.
Sheehy [27] reported no ill effects of 60 mg/day (45 mg orally, 15 mg parenterally) folic acid
therapy, for 3 years, in a healthy male subject.
Fokkema et al. [123] supplemented 101 healthy adults with folic acid (5 mg/day) and vitamin
B12 (1 mg/day) for 2 weeks and the same dosages of folic acid and vitamin B12 plus
vitamin B6 (1 mg/kg/day) during the following 2 weeks. Mean fasting and 6-h postload
homocysteine decreased after 4 weeks of vitamin supplementation by 3.5 µM (33.5%) and
8.5 µM (26.3%), respectively. No adverse effects were reported.
Van Guldener et al. measured plasma total homocysteine and methionine levels in chronic
haemodialysis patients (N=29, 26 of whom completed the study) after an overnight fast,
and 6 and 24 h after an oral methionine load (0.1 g/kg) [124]. The patients were
randomised to treatment with folic acid 5 mg daily with or without betaine 4 g daily, and
the loading test was repeated after 12 weeks. The patients were then re-randomised to
treatment with 1 or 5 mg folic acid daily for 40 weeks, after which a third loading test was
performed. At week 52, fasting and postload homocysteine levels did not differ
significantly between patients on 1 or 5 mg folic acid daily. Plasma homocysteine half-life
and plasma methionine levels after methionine loading were not altered by folic acid
treatment. No adverse effects were reported.
Guaraldi et al. [125] treated 20 depressive patients, of which 16 completed at least 4 weeks of
treatment, with a daily dose of 50 mg 5-methyltetrahydrofolate (MTHF) during 6 weeks.
At endpoint a markedly significant improvement in their depressive symptoms were
observed. There were no clinically relevant changes in routine laboratory tests, and no
adverse events considered to be definitely drug-related were reported.
Godfrey et al. [126] treated in a double-blind, placebo-controlled trial 41 psychiatric patients
with folate deficiency with folate 15 mg daily, for 6 months in addition to standard
psychotropic treatment. Among both depressed and schizophrenic patients folate
significantly improved clinical and social recovery. The differences in outcome scores
between folate and placebo groups became greater with time. No adverse effects were
reported.
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Alpert et al. [127] studied folate supplementation in 22 patients with major depression as an
adjunctive treatment among adults with inadequate response to an selective serotonin reuptake inhibitor (SSRI). Patients (mean age 45.2), partial or non-responsive to an SSRI
were enrolled in a 8-week prospective open trial. Leucovorin (folinic acid), which is
metabolised to methylfolate, was added to SSRIs at 15-30 mg/day. Folate levels rose from
28 +/- 19 ng/mL to 301 +/- 203 ng/mL (p < 0.001), but leucovorin appeared to be modestly
effective as an adjunct among SSRI-refractory depressed individuals with normal folate
levels. No adverse effects were reported.

