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Despite the increasingly large array of antidepressants available to treat major depressive disorder,
patients continue to experience relatively modest response and remission rates. In addition, patients may
experience adverse side effects from pharmacotherapy that not only hinder treatment compliance and
adherence but, in some cases, may also contribute to increased disability, patient suffering, morbidity,
and mortality. In order to enhance treatment efficacy and tolerability, patients and clinicians have become
increasingly interested in nonpharmaceutical supplements for treating depression. One of the best-studied
of these supplements is S-adenosyl-L-methionine (SAM-e), a naturally occurring molecule present in all
living cells and a major methyl group donor in the human body. Controlled trials have found SAM-e to
be more efficacious than placebo and equal in efficacy to the tricyclic antidepressants for treating major
depressive disorder (MDD) when administered parenterally (either intravenously or intramuscularly).
Less evidence supports the use of oral SAM-e, although some trials have demonstrated its efficacy as well.
In addition, there is a paucity of evidence examining whether oral forms of SAM-e can be safe, well toler-
ated, and efficacious when used as adjunctive treatment for antidepressant nonresponders with MDD.
Although preliminary data suggest SAM-e may be useful as an adjunctive therapy to antidepressants,

controlled studies are needed to confirm or refute these preliminary findings.

A ntidepressants have proven efficacy for treating
patients with major depressive disorder (MDD). How-

ever, despite the growing armamentarium of antidepressants
available, patients treated for MDD still experience relatively
modest rates of remission, and, in some cases, a side effect
burden that can contribute to poor treatment adherence,
increased functional impairment (eg, sedation, cognitive
side effects), and an increased sense of subjective suffering,
as well as increased morbidity (eg, obesity) and mortality. In
order to enhance the overall efficacy and tolerability of care,
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patients and clinicians have become increasingly interested
in dietary supplements as either adjunctive or alternative
treatments for MDD. One of the most-studied of these
supplements is S-adenosyl-L-methionine (SAM-e), which
was discovered in 1952. The role of SAM-e in human me-
tabolism began to be studied in earnest in the 1970s, when
more stable forms, including toluenesulfonate (tosylate),
became available. SAM-e has been prescribed in Europe as
an antidepressant since the late 1970s, and became available
in the United States in 1999 as a dietary supplement with
suggested, but not established, treatment applications for
MDD, osteoarthritis, fibromyalgia, and liver disease.

SAM-e is a naturally occurring molecule present in
all living human cells that plays an important role in
cellular metabolism through the pathways of methyla-
tion, transulfuration, and aminopropylation." SAM-e is
derived in humans through a metabolic pathway called
the one-carbon cycle after the intake of folic acid or fo-
late through the diet (Figure 1).>* Folate is metabolized
by the enzyme methylenetetrahydrofolate reductase into
5-methyltetrahydrofolate (5-MTHF); 5-MTHF then joins
with homocysteine under the action of the enzyme me-
thionine synthase and forms methionine, which is then
metabolized by methionine adenosyltransferase (Mat),
along with vitamin B,,, to form SAM-e."! Homocysteine is
a byproduct of the one-carbon cycle; when homocysteine
levels build up in human cells, this elevation serves to in-
hibit one-carbon cycle metabolism.
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SAM-e for the Treatment of Major Depressive Disorder

For CrinicaL USE

¢ C(Clinical trials have shown S-adenosyl-L-methionine (SAM-e) to be superior to placebo
and equivalent to tricyclic antidepressants in treating patients with major depressive

disorder.

¢ SAM-e is generally well tolerated, with considerably fewer users reporting side effects
than patients receiving tricyclic antidepressants.

¢ Preliminary data have shown SAM-e to be effective as an adjunct for treating
antidepressant-resistant depression, but more controlled trials are needed, especially

for oral administration.

POTENTIAL ROLE OF SAM-e IN THE
PATHOPHYSIOLOGY OF DEPRESSION

Studies have provided preliminary evidence for a poten-
tial role of SAM-e in the pathophysiology and treatment
of depression. In 1988, Bottiglieri and colleagues® reported
low serum SAM-e levels in patients with MDD, and, in a
later study,’ reported low SAM-e levels in the cerebrospinal
fluid (CSF) of patients with MDD. Interestingly, the latter of
these 2 studies also noted that CSF SAM-e levels increased
in patients following administration of oral or intravenous
SAM-e, suggesting that both oral and intravenous formula-
tions are bioavailable.

Low serum folate concentrations have also been associat-
ed with an increased risk of depression in several studies,”®
lending indirect evidence in support of a potential role for
low SAM-e levels in MDD, since folate is a natural precursor
to SAM-e in human biosynthesis (see Figure 1). For in-
stance, studies have found that folate deficiency in depressed
patients correlates with low CSF metabolites of dopamine,
norepinephrine, and serotonin.” In addition, elevated levels
of homocysteine—indicating impaired methylation of ho-
mocysteine to methionine—have also been correlated with
folic acid deficiencies."” In fact, several trials suggest that
administration of elements of one-carbon cycle metabolism,
including folic acid,'" methylfolate,'”” and 5-MTHE" may
improve treatment outcomes for patients with MDD.

Several hypotheses have been proposed for the antide-
pressant mechanisms of SAM-e in the human body. SAM-e
serves as the methyl group donor for a number of substrates,
most notably for phospholipids, DNA, RNA, neurotransmit-
ters, and proteins.' One hypothesis for the role of SAM-e in
MDD is that, by methylating plasma phospholipids, SAM-e
may alter the fluidity of the neuronal membrane, thereby
affecting the function of proteins that transverse the mem-
brane, including various monoamine receptors, monoamine
transporters, and other elements of the second messenger
system.” Alternatively, SAM-e may exert antidepressant ef-
fects via DNA methylation by influencing the transcription
of DNA. An additional hypothesis focuses on methylation
reactions dependent on SAM-e that are required in the
synthesis of neurotransmitter monoamines, as shown in
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Figure 1.' An increase in SAM-e may result in increased
synthesis of the neurotransmitters thought to be deficient
in patients with MDD.

EFFICACY AND TOLERABILITY OF SAM-e IN MDD

The antidepressant effects of SAM-e were first noted ser-
endipitously in the early 1970s," an observation that was
soon followed by several open-label studies' of parenteral
SAM-e for patients with MDD that showed promising, yet
preliminary, results.'**' Multiple randomized, double-blind
studies comparing the use of SAM-e versus placebo or tri-
cyclic antidepressants in patients with MDD followed soon
thereafter.

Controlled Studies of SAM-e as Monotherapy for MDD

Parenteral SAM-e studies. Five early studies™ > with 18
to 92 subjects compared the use of intravenous SAM-e, ad-
ministered at doses ranging from 150 mg/d to 400 mg/d, to
treatment with clomipramine, amitriptyline, or imipramine.
These studies reported that SAM-e resulted in a reduction
of depressive symptoms that was statistically and clinically
comparable to that of the tricyclic antidepressants. More
recently, Bell and colleagues” found that 400 mg/d of intra-
venous SAM-e resulted in clinical effects that were superior
to those of imipramine following 2 weeks of treatment among
22 outpatients with MDD. Finally, in the largest study pub-
lished to date (N=295) comparing parenteral SAM-e with
tricyclics, Delle Chiaie and colleagues™ reported that 400
mg/d of intramuscular SAM-e was as effective as 150 mg/d
of imipramine among outpatients with MDD.

Studies have also examined the use of parenteral SAM-e
versus placebo in MDD. Five small studies'*?*® =" (N <40)
conducted between 1976 and 1988 reported intravenous
(200-400 mg/d) or intramuscular (45-50 mg/d) SAM-e to
be more effective than placebo in the treatment of MDD. In
a separate study, although Carney and colleagues® reported
200 mg/d of intravenous SAM-e to be equivalent to placebo
in antidepressant effect among patients with MDD over-
all, a significant treatment effect in favor of SAM-e versus
placebo was reported among the subset of patients with en-
dogenous depression (P<.05, N=32). Finally, in the largest
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Figure 1. Pathway of S-Adenosyl-L-Methionine (SAM-e)*"
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“Reprinted with permission from Mischoulon and Fava,” adapted from Alpert and Mischoulon.’
"SAM-e is synthesized as part of a multistep pathway involving the vitamins folic acid and B,,. The end product
then donates methyl groups in the reactions involved in the synthesis of the key neurotransmitters serotonin,

norepinephrine, and dopamine.

Abbreviations: 5-HT =serotonin, 1-Met=methionine, DA = dopamine, Mat = methionine adenosyltransferase,
Met synthase = methionine synthase, MTHF = methyltetrahydrofolate, MTHFR = methylenetetrahydrofolate

reductase, NE = norepinephrine.

study published to date (N =60) of parenteral SAM-e versus
placebo, Caruso and Pietrogrande® demonstrated that 200
mg/d of intravenous SAM-e was superior to placebo as a
treatment for outpatients with depression and comorbid
rheumatoid arthritis.

Oral SAM-e studies. Taken together, the aforementioned
studies suggest that SAM-e is more effective than placebo
and equivalent in efficacy to the tricyclic antidepressants in
the treatment of MDD, although the route of administration
(ie, intravenous or intramuscular) considerably limits the
clinical usefulness of these findings. The question then be-
comes, Is oral SAM-e an effective monotherapy for MDD?

Three randomized, double-blind trials have examined
the use of oral SAM-e versus a tricyclic antidepressant
for depression. Two small studies®** (N<26) and a large
study® (N=281) all demonstrated that 1600 mg/d of oral
SAM-e was equivalent to a tricyclic antidepressant in treat-
ing depression.

Three placebo-controlled studies have examined the
use of oral SAM-e as monotherapy for depression. Two of
these studies®*” demonstrated that the antidepressant ef-
fects of 1600 mg/d of oral SAM-e were superior to those
of placebo among patients with MDD. However, the third
study™ showed the same dosage of SAM-e to be no more
effective than placebo. This study noted that the particular
oral preparation of SAM-e (1,4-butanedisulfonate) used was
a relatively unstable formulation for clinical use (although
probably suitable for laboratory use) and may have been re-
sponsible for the absence of a significant treatment effect in
that study. In fact, shortly after the completion of that trial,
the US Food and Drug Administration stopped clinical trials
of 1,4-butanedisulfonate at US sites because of issues regard-
ing the poor dissolution of the tablets.

Meta-analysis. A 2002 meta-analysis® was conducted of
randomized, double-blind studies of intramuscular, intrave-
nous, and oral SAM-e as monotherapy treatment for MDD.
Comparing the pooled results of treatment with SAM-e to
treatment with placebo for MDD, the meta-analysis found
a statistically significant overall effect size of —0.65 (95%
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CIL, -1.05 to -0.25) in favor of SAM-e over placebo, which
translated to an improvement in Hamilton Depression Rat-
ing Scale scores of almost 6 points. In comparing SAM-e
to the tricyclic antidepressants, the meta-analysis found an
effect size of 0.08 (95% CI, -0.17 to 0.32), indicating that
treatment with SAM-e for MDD is approximately equivalent
to treatment with tricyclic antidepressants.

Controlled Studies on SAM-e
as Adjunctive Therapy for MDD

The majority of studies focusing on the use of SAM-e
examine whether or not it is an efficacious, safe, and well-
tolerated treatment when administered as monotherapy
for MDD. However, given that the majority of clinicians
prescribe antidepressants combined with some form of
psychotherapy for MDD, of greater relevance to the field
is whether SAM-e is an effective treatment when used ad-
junctively for patients with MDD. To date, only a single
randomized, double-blind, placebo-controlled trial evalu-
ating the use of SAM-e as an adjunctive therapy in MDD
has been conducted. In this 2-week study, Berlanga and
colleagues*' assigned 40 antidepressant-naive patients to
receive either a placebo injection or 200 mg/d of intramus-
cular SAM-e, while simultaneously receiving imipramine,
which was titrated to 150 mg/d by the end of the first week.
By day 4, patients receiving both SAM-e and imipramine
had experienced a significant advantage in antidepressant
effect versus the monotherapy group (P<.05); the advan-
tage continued to be significant through day 12 of treatment,
although not at day 14 (Figure 2). Thus, these preliminary
results suggest that the use of SAM-e, when combined with
antidepressants from the onset of therapy, may accelerate
symptom improvement in MDD.

Alpert and colleagues® conducted an open-label trial to
examine the efficacy of oral SAM-e as an adjunctive treat-
ment for 30 outpatients with MDD who had not experienced
significant symptom improvement following open-label
treatment with either a selective serotonin reuptake inhibi-
tor (SSRI) or venlafaxine. Patients received 400 mg bid of
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Figure 2. Change in HDRS,; Scores With Placebo or Parenteral
SAM-e Augmentation of Imipramine for Patients With MDD*

30+
28+ ¢ Placebo + Imipramine (n = 20)
26+ A SAM-e + Imipramine (n = 20)
24+
22
20+
184
16
14
124 .
10 *
8-
6_
44
2
0

Mean HDRS,; Scores

0 2 4 6 8 10 12 14
Day of Treatment

“Reprinted with permission from Berlanga et al."!

*P<.05, SAM-e plus imipramine versus placebo plus imipramine.

Abbreviations: HDRS,, = 17-item Hamilton Depression Rating Scale,
MDD = major depressive disorder, SAM-e =S-adenosyl-L-methionine.

Figure 3. Change in Mean HDRS;; Scores With Oral SAM-e
Augmentation of an SSRI or Venlafaxine for Patients With
Treatment-Resistant Depression®
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“Reprinted with permission from Alpert et al.**

*P<.0001 vs baseline for both groups.

Abbreviations: HDRS,, = 17-item Hamilton Depression Rating Scale,
SAM-e = S-adenosyl-L-methionine, SSRI =selective serotonin reuptake
inhibitor.

the tosylate formulation of SAM-e for the first 2 weeks of
the trial, followed by 800 mg bid for an additional 4 weeks.
In the intent-to-treat analysis, 50% of the patients responded
during the course of therapy, and 43% remitted, indicating
that oral SAM-e as adjunctive therapy is a potentially useful
clinical treatment strategy for antidepressant nonresponders
with MDD. The decrease from baseline in depressive symp-
tom severity reached significance by week 1 and remained
significant through week 6 (P<.0001, Figure 3). Of note,
patients experienced a significant decrease in homocysteine
levels during the course of treatment, from 8.2 pmol/L to 7.8
pmol/L (P=.0029).
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Table 1. Comparison of Adverse Events in 2 Studies of SAM-e

Versus Imipramine for Major Depressive Disorder®

Imipramine, N (%)
(150 mg/d, oral)

SAM-e, N (%)

Study 1 (1600 mg oral SAM-e)

Total number of patients 143 137

Patients with > 1 adverse event 42 (29.4) 59 (43.1)*
Study drug-related adverse events 7 (4.9) 28 (20.4)**
Study 2 (400 mg IM SAM-e)

Total number of patients 147 147

Patients with > 1 adverse event 47 (32.0) 80 (54.4)**
Study drug-related adverse events 14 (9.5) 49 (33.3)*%*
*Reprinted with permission from Delle Chiaie et al.**

*P=.017.

**P=.001.

Abbreviations: IM = intramuscular, SAM-e = S-adenosyl-L-methionine.

Safety and Tolerability of SAM-e

Studies published to date suggest that SAM-e is generally
well tolerated, with adverse effects such as gastrointestinal
symptoms, dry mouth, headache, vertigo, insomnia, tachy-
cardia, and restlessness.”” In the largest trials of SAM-e
monotherapy,”* considerably fewer patients receiving ei-
ther oral or intramuscular SAM-e reported side effects than
patients receiving a tricyclic antidepressant (Table 1). How-
ever, psychiatric effects such as increased anxiety have been
reported, as well as mania or hypomania in patients with
bipolar depression.**

The most common side effects reported in the trial by
Alpert and colleagues,”” which examined SAM-e as an
adjunctive treatment to an SSRI or venlafaxine, were gastro-
intestinal symptoms, including constipation, gastrointestinal
upset, and diarrhea, and musculoskeletal side effects such
as headaches, anxiety, irritability, fatigue, and sedation. No
significant changes in weight or increases in the severity of
sexual dysfunction occurred during the course of the trial.

CONCLUSION

SAM-e, along with Hypericum perforatum (St John’s
wort) and omega-3 fatty acids, is one of the most-studied
natural remedies for MDD. Ample evidence supports par-
enteral SAM-e as being superior to placebo and equivalent
to the tricyclic antidepressants in efficacy as monotherapy
for patients with depression. However, this finding is clini-
cally limited by the route of administration, ie, intravenous
or intramuscular. A smaller evidence base supports the use
of oral SAM-e as monotherapy for MDD. The most wide-
spread clinical use for SAM-e may be as an oral augmenting
agent for treating antidepressant nonresponders with MDD.
Unfortunately, only a single open-label study examining this
usage has been published to date. Due to its relative safety,
tolerability, and novel mechanism of action, SAM-e may
have several advantages as a treatment for MDD, although
additional controlled trials are needed to support its clinical
relevance.
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Drug names: clomipramine (Anafranil and others), imipramine
(Tofranil and others), venlafaxine (Effexor and others).

Disclosure of off-label usage: The author has determined that, to the
best of his knowledge, S-adenosyl-L-methionine is not approved by the
US Food and Drug Administration for the treatment of major depressive
disorder.
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