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Novel Therapeutics for Depression:
L-methylfolate as a Trimonoamine
Modulator and Antidepressant-
Augmenting Agent

By Stephen M. Stahl, MD, PhD

NEW TREND IN
PSYCHOPHARMACOLOGY

Folate deficiency may increase the risk of
depression and reduce the action of antide-
pressants. Individuals with an inherited poly-
morphism that reduces the efficiency of folate
formation may be at high risk for folate deficiency
and for major depression. Antidepressant effects
have been reported when antidepressants are
augmented with folic acid, folinic acid, or the cen-
trally active L-methylfolate (known formally as
(6(S)-5-methyltetrahydrofolate [MTHF]), particu-
larly in depressed patients with folate deficiency
whose major depressive episodes have failed to
respond to antidepressants. The putative mecha-
nism of action of MTHF as an augmenting agent
to antidepressants is that it acts as a trimono-
amine modulator (TMM), enhancing the synthe-
sis of the three monoamines: dopamine (DA),
norepinephrine (NE), and serotonin (5-HT), result-
ing in a boost to the efficacy of antidepressants.

FOLATE AND DEPRESSION

A substantial body of literature suggests that
depression is associated with folate deficiency,™*"
and that patients with folate deficiency either expe-
rience a later onset of action,?>' lesser improve-
ment,*8%13 3 more severe depressive episode,?'%?

or higher chances of relapse' when taking anti-
depressants. The link between folate and depres-
sion is supported by observations that a common
genetic variant of an enzyme that reduces one’s
ability to convert folate to its centrally active
metabolite, MTHEF, specifically, the C677T variant of
the enzyme methylene tetrahydrofolate reductase,
is more common in patients with depression.’®?6%8
In this article and in the figures, the centrally active
metabolite of folate will be referred to either as L-
methylfolate or as MTHE

The formation of MTHF from foods contain-
ing dihydrofolate or enriched with synthetic
folic acid is shown in Figure 1. The enzyme
methylene tetrahydrofolate reductase forms
this centrally active metabolite, MTHF, in the
final step of this process (Figure 1). The link
between folate and depression is also sup-
ported by numerous studies suggesting that
folic acid,'®" folinic acid,®" or MTHF'8323 either
have antidepressant action or enhance the ther-
apeutic benefits of antidepressants or lithium.

HOW DOES L-METHYLFOLATE ACT
AS AN ANTIDEPRESSANT?
Antidepressants boost the actions of one or
more of the three monoamines: DA, NE, and/
or 5-HT. MTHF acts as an important regulator
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of a critical co-factor for trimonoamine neu-
rotransmitter synthesis. This co-factor is known
as tetrahydrobiopterin (BH4) (Figure 2A).36-48
By boosting trimonoamine neurotransmitter
synthesis via enhancement of BH4, MTHF pre-
sumably is able to augment the antidepressant
actions of known antidepressants.

Because BH4 is a critical enzyme co-factor,
there are several mechanisms that lead to its
formation (Figure 2B).%¢-4¢ BH4 can be formed
from de novo synthesis, from guanosine tri-
phosphate, or recycled via the enzyme dihy-
dropteridine reductase (Figure 2B).%8:3%44 BH4
formation that is linked to folate metabolism
includes recycling either from the actions of
methylene tetrahydrofolate reductase (men-
tioned above)***® or from the actions of dihy-
drofolate reductase (Figure 2B).%%

The trimonoamine synthetic enzymes that
require BH4 as a co-factor are tryptophan hydroxy-
lase, the rate-limiting enzyme for 5-HT synthesis
and tyrosine hydroxylase, the rate-limiting enzyme
for DA and NE synthesis (Figure 3).363%42 MTHF is
thus considered to be aTMM due to its role as an
indirect regulator of trimonoamine neurotransmit-
ter synthesis and monoamine concentrations.*®

[ FIGURE 1.
Formation of L-methylfolate from folic
acid*®
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As previously mentioned, numerous studies
suggest that low plasma, red blood cell, and/or
cerebrospinal fluid levels of MTHF folate precur-
sors (Figure 1) may be associated with depression
in some patients (Figure 4A)."%° Since MTHF indi-
rectly regulates monoamine levels (Figures 2 and
3),%%“8 low central nervous system levels of MTHF
could lead to reduced activity of trimonoaminergic
neurotransmitter-synthesizing enzymes, causing
monoamine deficiency (Figure 4A), consistent with
the monoamine hypothesis of depression.4¢-48

Studies™3 have now shown that administra-
tion of folate, MTHF, or another folate deriv-
ative known as folinic acid (Leucovorin), can

( FIGURE 2.

L-methylfolate regulates BH4 produc-
tion and the four mechanisms of BH4
production*®
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BH4=tetrahyrdobiopterin; MTHF=L-methylfolate; H=hydrogen; CHz=methyl
group; CHy=methylene; THF=tetrahydrofolate; MTHFR=methylene tetrahy-
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augment the therapeutic efficacy of antidepres-
sants in patients with major depressive dis-
order who fail to respond adequately to their
antidepressant, and who may or may not have
measurable folate deficiency. Current research
thus suggests that MTHF may be indicated for
depressed patients with low plasma, red blood
cell, and/or cerebrospinal fluid folate levels, and
who have not responded adequately to antide-
pressants (Figure 4B)."%3* Theoretically, many
patients with inadequate responses to a mono-
amine-enhancing antidepressant, even if there
is no folate deficiency, could benefit from MTHF
treatment that elevates their BH4 levels (Figure
1), if it led to enhancement of their trimono-
amine neurotransmitter synthesis (Figure 3;
also compare Figures 4A and 4B).3¢-4¢

WHY L-METHYLFOLATE
RATHER THAN FOLIC ACID
FOR DEPRESSION?

Folate is one of the 13 essential vitamins.
Dihydrofolate, a mixture of polyglutamates (ie,
a number of glutamatic acid entities) is the form
of folate obtained from dietary intake of green
vegetables, yeast, liver, kidney, and egg yolk.
Folic acid is the synthetic form of folate con-
tained in over-the-counter vitamin supplements
(usually mixed with several other vitamins and
nutrients and present in low doses). Folic acid
is also the synthetic form of folate contained in
prescriptions written by a licensed practitioner
in higher doses for medical use.

FIGURE 3.
BH4 co-factor for trimonoamine
neurotransmitter synthesis*®
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Dihydrofolate and folic acid are converted to
monoglutamate entites by the enzyme alpha-
L-glutamyl transferase in the intestinal wall as

FIGURE 4.

Trimonoamine neurotransmitter defi-
ciency possibly linked to folate defi-
ciency and reversal of trimonoamine
synthesis deficiency by L-methylfo-
late: possible boost to actions of anti-
depressants*®
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they are absorbed.?” Once absorbed, monogluta-
mate entities are converted to MTHE, the form of
folate that passes into the brain and is utilized by
trimonoamine neurons to facilitate neurotrans-
mitter synthesis (Figures 1 and 4B). Normally,
ingesting folate from dihydrofolate in the diet
or from folic acid in synthetic supplements will
result in adequate delivery of MTHF levels to the
brain, especially in those individuals with the
more efficient genotype (C677C) producing up to
100% of the enzyme methylene tetrahydrofolate
reductase and who do not have depression.

However, robust levels of MTHF in the brain,
which may be necessary to maximize the chances
of boosting trimonoamine neurotransmitter syn-
thesis (Figures 2-4), are more likely attained after
administration of MTHF rather than folic acid
(Figure 4B).Thus, administration of MTHF may
have significant advantages over administration
of folic acid as aTMM to augment antidepres-
sants in depressed patients who do not respond
adequately to their antidepressant treatment.
Such patients may or may not be folate deficient,
may or may not have the inefficient form of the
genotype (C677T,T677T) producing 35% to 71%
of the MTHF enzyme, and may or may not be tak-
ing various anticonvulsant mood stabilizers that
interfere with folic acid absorption or MTHF for-
mation, such as lamotrigine, carbamazepine, and
others (Figure 4B). Further research is needed to
identify those depressed patients most likely to
respond to MTHF augmentation, including stud-
ies of both unipolar and bipolar depression.

In terms of what is known about treatment with
folic acid versus MTHEF, it may take as much as 7
mg of oral folic acid to generate the same plasma
levels of MTHF as giving 1 mg of oral MTHE* How
much folic acid is this? The recommended daily
allowance of folic acid from food or dietary sup-
plements is 0.4 mg (0.8 mg for pregnant women);
over-the-counter multivitamin supplements typi-
cally provide between 0.25 and 1 mg of folic acid;
normal “prescription strength” folic acid is 1 mg
pure folic acid; high-dose prescription folic acid
for treating pregnant women to reduce the risk
of neural tube defects is between 4 mg and 5 mg.
By comparison, the lowest dose of MTHF studied
in depression to augment antidepressant treat-
ment is 7.5 mg, roughly equivalent to 52 mg of
folic acid.® Although high doses of folic acid can
be administered orally, the precursors of MTHF
may compete with MTHF for entry into brain by
binding to folate transport receptors, limiting the

Trends in Psychopharmacology

amount of MTHF that can enter the brain (Figure
4B).5%%2Thus, high doses of MTHF are likely to
provide substantially more active MTHF moiety
to the brain than high doses of folic acid. The
exact dose of MTHF to treat depression is not
fully determined, but since MTHF works indirectly
to boost monoamine synthesis, high doses are
likely to be necessary to optimize this action.

Additionally, high doses of MTHF may be more
appropriate than high doses of folic acid because
MTHF is less likely to mask a vitamin B12 defi-
ciency.*%*That is, when folic acid is administered, it
can be metabolized and utilized for DNA biosynthe-
sis even in vitamin B12 deficient cells, thus mask-
ing the anemia from a vitamin B12 deficiency. B12
deficiency decreases the methyl donor S-adenosyl-
methionine (SAMe), which activates the enzyme
MTHF reductase and this traps MTHF away from
DNA synthesis, making it unlikely that the adminis-
tration of MTHF will mask an anemia.53%

WHAT IS A MEDICAL FOOD?

MTHF is marketed in the United States as a
“medical food” also called Deplin, which contains
7.5 mg L-methylfolate and is available by pre-
scription only. According to the Food and Drug
Administration, a medical food is different both
from a drug and from a food, and is defined as a
food that is formulated to be consumed orally

“...under the supervision of a physician and which is
intended for the specific dietary management of a
disease or condition for which distinctive nutritional
requirements, based on recognized scientific prin-
ciples, are established by medical evaluation.”’

Medical foods are required when dietary man-
agement cannot achieve the specific nutrient
requirements. Treatment with MTHF seems to
be safe, apparently has few if any side effects,
and is generally less expensive than augmenting
with a second antidepressant. Further research
is necessary to determine the exact priority this
approach should be given in treatment algo-
rithms for major depression.

S-ADENOSYL-METHIONINE, L-METHYL-
FOLATE, AND METHYLATION

MTHF may have additional actions on mono-
amine neurotransmitter metabolism through
another mechanism, namely, its well-known abil-
ity to regulate methylation reactions (Figure 5).%’
Another agent possibly useful for augmenting anti-

CNS Spectr 12:10

742

October 2007



depressants in patients with inadequate responses
is SAMe, which shares with MTHF the ability to
regulate methylation (Figure 5).585° Both MTHF
and SAMe may therefore impact the regulation of
various critical components of monoamine neu-
rotransmitter activity not only by indirect modula-
tion of neurotransmitter synthesis by promoting
the synthesis of BH4 enzymatic cofactor, but also
by modulating catabolic enzymes, monoamine
transporters, and neurotransmitter receptors via
methylation and its downstream effects (Figure
5).50-%5These complex mechanisms are under active
investigation to determine how the natural prod-
ucts and putative TMMs, MTHF and SAMe, may
contribute to the treatment of depression.

FIGURE 5.

Trimonoamine modulator actions of
L-methylfolate and S-adenosyl-methi-
onine: methylation and neurotrans-
mitter synthesis*®

homocysteine methionine

NADP+ q BH2
neurotransmmer methionine
MTHFR synthesls synthetase
NADPH

CH,
H

SAMe=S-adenosyl-methionine; SAH=S-adenosylhomocysteine
hydrolase; H=hydrogen; CHs=methyl group; MTHF=L-methylfolate;
NADP+=nicotinamide adenine dinucleotide phosphate; gBH2=quinonoid
dihydropterin; MTHFR=methylene tetrahydrofolate reductase;
BH4=tetrahyrdobiopterin, NADPH=nicotinamide adenine dinucleo-
tide phosphate (reduced); CH,=methylene; BH2=biopterin (oxidized);
THF=tetrahydrofolate; DHFR=dihydrofolate reductase; DHF=dihydrofolate;
NAD*=nicotinamide adenine dinucleotide (oxidized); NADH=nicotinamide
adenine dinucleotide (reduced).
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CONCLUSION

L-methylfolate, also known as MTHF (methyltet-
rahydrofolate), acts as a trimonoamine modulator
to boost the synthesis of the three monoamines:
DA, NE, and 5-HT. This action may provide antide-
pressant efficacy when L-methylfolate is given as
an augmenting agent to depressed patients unre-
sponsive to traditional antidepressants. L-meth-
ylfolate may be especially useful in depressed
patients who have the genotype coding for an
enzyme that causes inefficient synthesis of L-
methylfolate, and for those individuals who are
folate deficient, including patients whose folate
deficiency is secondary to the administration of
various anticonvulsant mood stabilizers. CNS
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