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ABSTRACT

Major depression remains difficult to treat, despite the wide
array of registered antidepressants available. In recent years
there has been a surge in the popularity of natural or alternative
medications. Despite this growing popularity, there is limited
evidence for the effectiveness of many of these natural treat-
ments. S-adenosyl-L-methionine (SAMe) is one of the better stud-
ied of the natural remedies. SAMe is a methyl donor and is
involved in the synthesis of various neurotransmitters in the brain.
Derived from the amino acid L-methionine through a metabolic
pathway called the one-carbon cycle, SAMe has been postulated
to have antidepressant properties. A small number of clinical tri-
als with parenteral or oral SAMe have shown that, at doses of
200-1600 mg/d, SAMe is superior to placebo and is as effective
as tricyclic antidepressants in alleviating depression, although
some individuals may require higher doses. SAMe may have a
faster onset of action than do conventional antidepressants and
may potentiate the effect of tricyclic antidepressants. SAMe may
also protect against the deleterious effects of Alzheimer disease.
SAMe is well tolerated and relatively free of adverse effects,
although some cases of mania have been reported in bipolar
patients. Overall, SAMe appears to be safe and effective in the
treatment of depression, but more research is needed to determine
optimal doses. Head-to-head comparisons with newer antidepressants
should help to clarify SAMe’s place in the psychopharmacologic
armamentarium. Am J Clin Nutr 2002;76(suppl):1158S-61S.
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INTRODUCTION

Major depressive disorder is very common, with a lifetime
prevalence of =17% and a rate almost twice as high in women as
in men (1, 2). Despite the increasing number of registered antide-
pressants (=20-25) and the increasing number of people seeking
antidepressant treatment, many individuals prove to be refractory,
demonstrating nonresponse or partial response after an adequate
trial of antidepressants.

Between 19% and 34% of depressed patients still do not
respond to acute antidepressant treatment, 29-46% may fail to
achieve and sustain a full remission (3), and between 15% and
50% will have a recurrence of depression despite continuous anti-
depressant treatment (4). Registered antidepressants clearly have
their limitations, and the importance of other types of treatment
is paramount. Some refractory individuals will seek talking
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therapies, alternative therapies, or both, including natural reme-
dies, massage, acupuncture, and other treatments.

In recent years there has been a surge in the popularity of nat-
ural or alternative medications in the United States and worldwide
(5, 6). The terms “natural” and “alternative” in this article refer to
medications derived from natural products but not approved by
the Food and Drug Administration for their purported indication.
Such treatments have been used for thousands of years. More than
70% of individuals worldwide use some sort of alternative treat-
ment, particularly in Europe and Asia, where many of these treat-
ments originated (7). The United States has followed suit, as evi-
denced by the growing popularity of natural remedies. About 25%
of Americans seek and obtain nontraditional treatments and visit
practitioners of alternative medicine more frequently than they
visit primary care physicians (8).

Despite the growing popularity of alternative medications, they
are not as well studied as are more conventional agents, and their
efficacy and safety are still not clear (6). There are relatively few
well-designed controlled studies with adequate sample sizes, and
the question of effectiveness and superiority to placebo is still
under debate for most of these treatments (6). Another problem is
the mistaken belief among patients that a medication is automat-
ically safe if it is natural (9). In fact, there have been many cases
of toxicity, adverse effects, and adverse drug interactions in per-
sons who have used these treatments (6). In addition, the purity
and active ingredients of different preparations vary. Finally,
insurance companies usually do not cover these treatments, and
many patients are unable to absorb the out-of-pocket costs (6).
Clearly, additional studies characterizing the safety and effective-
ness of natural remedies are required.

S-ADENOSYL-L-METHIONINE AS A POTENTIAL
ANTIDEPRESSANT

One of the better-studied natural agents is S-adenosyl-L-methionine
(SAMe), a major methyl donor in the brain that is involved in the
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FIGURE 1. Pathway of S-adenosyl-L-methionine (SAMe). SAMe is synthesized as part of a multistep pathway involving the vitamins folic acid and
B-12. The end product then donates methyl groups in the reactions involved in the synthesis of the key neurotransmitters serotonin, norepinephrine, and
dopamine. Deficiencies of these neurotransmitters are thought to be involved in the development of depression and other mood disorders. It has been pos-
tulated that exogenous addition of SAMe may result in increased synthesis of these neurotransmitters, which may account for its antidepressant effect.
MTHFR, methylenetetrahydrofolate reductase (EC 1.7.99.5); MTHF, methyltetrahydrofolate; 1-Met, methionine; Mat, methionine adeonsyltransferase
(EC 2.5.1.6); Met synthase, methionine synthase (EC 4.2.99.10); DA, dopamine; 5-HT, serotonin (5-hydroxytryptophan); NE, norepinephrine. Adapted

from reference 11.

pathways for synthesis of hormones, neurotransmitters, nucleic
acids, proteins, and phospholipids (10, 11) (Figures 1 and 2).
SAMe is required for the synthesis of norepinephrine, dopamine,
and serotonin, and also plays a role in other intracellular meta-
bolic pathways (10).

Routinely prescribed in Europe for nearly 30 y, SAMe has
gained popularity in the United States since its release as an over-
the-counter dietary supplement in 1998-1999. Given its range of
activity, SAMe has been proposed as a potential treatment for many
medical conditions, particularly major depression (10). Marketed
as an agent for improving mood and emotional well-being, SAMe
has been featured in the national media and the popular press and
has steadily attracted the attention of patients and clinicians.

SAMe is synthesized from the amino acid L-methionine
through a metabolic pathway called the one-carbon cycle, which
relies, in part, on adequate concentrations of the vitamins folate
and B-12 (Figure 1) (10, 11). Deficiencies of both of these vita-
mins have also been linked to depression. For example, between
10% and 30% of depressed patients may have low folate con-
centrations, and these patients appear to respond less well to

antidepressants (12). Vitamin B-12 is converted to methylcobal-
amin, which is also involved in the synthesis of the various cen-
tral nervous system neurotransmitters. Vitamin B-12 deficiency
may result in an earlier age of onset of depression (13). The com-
mon mediator of this effect may be reduced SAMe. Correction of
folate and vitamin B-12 deficiencies may alleviate depressive
symptoms and augment the response to antidepressant therapy,
perhaps because of the resultant increase in SAMe concentrations.

SAMe’s relation to mood is suggested by several lines of evi-
dence. For instance, low SAMe concentrations have been observed
in the cerebrospinal fluid of depressed persons (14). Conversely,
there is a positive correlation between an increase in plasma
SAMe concentrations and an improvement in depressive symp-
toms (15). The activity of the enzyme methionine adenosyltrans-
ferase (EC 2.5.1.6), which is involved in the manufacture of
SAMe, has been shown to be low in depressed schizophrenic
patients but high in manic patients (16—18). This finding supports
the role of SAMe as a mood-elevating agent.

SAMe has been studied in clinical trials to determine its mood-
elevating effect in depressed patients (10, 19). A few published
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FIGURE 2. S-Adenosyl-L-methionine (SAMe) and synthesis of neurotransmitters. The neurotransmitter serotonin (5-hydroxytryptophan; 5-HT)
is synthesized from the amino acid tryptophan in a series of chemical reactions, of which the rate-limiting step is catalyzed by the enzyme tryptophan
hydroxylase (EC 1.14.16.4). Similarly, the neurotransmitters dopamine (DA) and norepinephrine (NE) are synthesized from the amino acid tyrosine in
a series of chemical reactions dependent on tyrosine hydroxylase (EC 1.14.16.2). SAMe functions as a methyl-donating cofactor in the rate-limiting step
in these synthetic reactions. BH,, tetrahydrobiopterin. Adapted from reference 11.
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clinical studies showed that parenteral (intravenous or intramus-
cular) SAMe is superior to placebo and is as effective as tricyclic
antidepressants (10, 19). Trials of oral SAMe suggest an efficacy
comparable to that of tricyclic antidepressants and superior to
placebo at doses between 200 and 1600 mg/d (10). Some studies,
however, have yielded equivocal results because of problems with
dissolution and stability of early oral SAMe preparations (10).
Current oral SAMe preparations are more stable and more
amenable to systematic study. SAMe has not been compared
against newer antidepressants such as the selective serotonin reup-
take inhibitors.

In 6 of at least 8 placebo-controlled studies with sample sizes
ranging from 40 to 100, SAMe was superior to placebo and was
equivalent to placebo in the other 2 studies (10). In 6 of 8 com-
parison studies with tricyclic antidepressants, SAMe was equiv-
alent in efficacy to tricyclic antidepressants and more effective
than imipramine in one study (10). Doses (oral, intramuscular,
or intravenous) of SAMe in these studies ranged from 200 to
1600 mg/d.

SAMe may have a relatively faster onset of action than do con-
ventional antidepressants (20-30). In one study, some patients
improved within a few days and most did within 2 wk (10, 28).
Likewise, 2 studies showed that the combination of SAMe and
low-dose tricyclic antidepressants resulted in an earlier onset of
action than did tricyclic antidepressants alone (29, 30).

Other reports suggest that SAMe is effective in treating cognitive
deficits seen in dementia (31). Decreased folate and vitamin B-12 and
decreased membrane fluidity were found in patients with Alzheimer
disease, and SAMe may protect against these deleterious effects (31,
32). Other studies have suggested that SAMe may relieve distress
during the puerperium (33). In addition, SAMe has been shown to
reduce psychological distress during opioid detoxification (34) and
may be useful in depressed persons with alcoholism (35). A recent
open study suggests effectiveness at doses ranging from 800 to 3600
mg/d in depressed patients with Parkinson disease (36). Studies by
Martinez-Chantar (37) and others have shown that treatment with
SAMe may improve outcomes in patients with alcoholic liver dis-
ease, resulting in increased survival or a delay in the need for trans-
plantation. Finally, SAMe may be useful in medically ill, depressed
patients for whom conventional agents may be contraindicated (38).

SAMe is well tolerated and relatively free of adverse effects.
There is no apparent associated hepatotoxicity or anticholinergic
effects. Side effects include mild insomnia, lack of appetite, con-
stipation, nausea, dry mouth, sweating, dizziness, and nervous-
ness (10). Increased anxiety, mania, or hypomania have been
reported in patients with bipolar depression (10, 39, 40); there-
fore, patients with a history of bipolar disorder should be advised
not to take SAMe unless they are also taking a mood stabilizer.

SAMe is relatively expensive; prices for a 200-mg tablet range
from $0.75 to $1.25. This high monetary cost may limit access to
this medication for many patients, particularly for those who
require high doses (>200 mg) to achieve the desired effect. Some
internet-based companies who sell directly to customers provide
SAMe at more reasonable prices. As competition and the number
of manufacturers of SAMe increase, the price of SAMe will prob-
ably decrease over the next few years.

CONCLUSIONS AND RECOMMENDATIONS

Fairly strong evidence exists that oral and parenteral SAMe
are effective for the treatment of major depression. Some studies
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have suggested a faster onset of action for SAMe than for con-
ventional antidepressants. SAMe may be used alone or in com-
bination with other agents and may even accelerate the effect of
conventional antidepressants. SAMe appears to be well tolerated
and has relatively benign side effects. Thus, SAMe may be espe-
cially useful in patients who experience side effects from con-
ventional antidepressants. The use of SAMe has not been shown
to have toxic side effects; however, as mentioned earlier, there
have been reports that SAMe may cause increased anxiety and
mania in patients with bipolar depression. Recommended doses
range from 400 to 1600 mg/d, although some persons may require
doses >3000 mg/d to alleviate depression.

In summary, on the basis of previously published evidence,
the best candidates for SAMe or other natural antidepressants
may be mildly symptomatic patients for whom a delay in ade-
quate treatment would not be devastating. At the other end of the
spectrum, patients who have failed multiple trials with conven-
tional remedies or who are highly intolerant of side effects may
also be good candidates. The use of SAMe in conjunction with
conventional antidepressants also appears to be a viable applica-
tion in patients who achieve only a partial response to conven-
tional antidepressants alone. However, clinicians must be care-
ful about recommending the use of SAMe to patients who take
other medications, because its interactions with other drugs are
not well elucidated. More research is needed to determine opti-
mal doses, and head-to-head comparisons with newer antide-
pressants should help to clarify SAMe’s place in the psy-
chopharmacologic armamentarium.
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