Dietary Restrictions and Drug Interactions
With Monoamine Oxidase Inhibitors: An Update

David A. Flockhart, MD, PhD

Monoamine oxidase inhibitors (MAOIs) are effective treatments for depression that has atypical features
or that has failed to respond to other antidepressants. However, MAQOIs are underused because clinicians
are concerned about dietary and drug interactions with this class of medication. Hypertensive crisis and
serotonin syndrome can occur in rare cases due to interactions between MAOIs and foods containing
tyramine as well as interactions with serotonergic and sympathomimetic agents. A better understand-
ing of the foods and drugs that can cause adverse reactions, as well as knowledge of newer MAOIs with
mechanisms of action and delivery methods that reduce these risks, may help clinicians to consider the
use of these medications, when appropriate, in their patients with depression.

Monoamine oxidase inhibitors (MAQIs) are effective
antidepressants, but their use has been limited by
potentially fatal food and drug interactions. A clearer under-
standing of these interactions and the mechanism of action
of these drugs, as well as knowledge of new formulations and
delivery methods of MAOQISs, could help clinicians make more
use of this class of antidepressant.

The MAOIs are effective for depression with atypical
features' and depression that is treatment resistant.” Although
indicated by some guidelines® to treat these conditions,
MAOIs are still underused.*

A main reason for reluctance to use MAOIs is due to the
dietary and drug restrictions, which are required because
food and drug interactions can cause serious and potentially
fatal adverse events, such as hypertensive crisis and serotonin
syndrome. Newer formulations of MAOIs that have mecha-
nisms of action different from those of older MAQOIs may
lessen the risk for these adverse effects and make this class of
antidepressants worth reconsidering for some patients with
depression.

MECHANISM OF ACTION OF MAOIs

The propensity for food and drug interactions of MAOIs
is related to their mechanisms of action. The MAOIs inhibit
monoamine oxidase (MAO), an enzyme that catalyzes the
oxidative removal of monoamines, including serotonin, his-
tamine, and the catecholamines dopamine, norepinephrine,
and epinephrine, as well as trace amines.> By covalently bond-
ing to MAO enzymes, MAOIs prevent the removal of these
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amines, resulting in their increased synaptic availability.
Some MAOIs bind to the enzyme for its lifetime (a dura-
tion of 2 to 4 weeks) and are, thus, classified as irreversible;
reversible MAOIs can be displaced from the enzyme.

Two isoenzymes of MAO, MAO-A and MAO-B, are
distributed unevenly throughout the body and brain.
Monoamine oxidase-A predominates in the brain, gut,
liver, placenta, and skin, while MAO-B predominates in
the brain, platelets, and lymphocytes.*

Monoamine oxidase inhibitors can selectively inhibit
either MAO-A or MAO-B enzymes, or they can be nonse-
lective and inhibit both isomers; however, the inhibition of
MAO-A appears to be necessary for an antidepressant effect
to occur.%” The older MAOIs, isocarboxazid, phenelzine,
and tranylcypromine, are nonselective and irreversible. Oral
selegiline, which is also irreversible, is selective for MAO-B
atlow doses but loses its selectivity at higher doses, meaning
that the higher doses are required to induce an antidepres-
sant effect. The newer, transdermal formulation of selegiline
can produce an antidepressant effect at low doses because
it avoids first-pass metabolism in the liver and intestine.
Moclobemide, a newer reversible MAOI, is selective for
MAO-A but is currently unavailable in the United States.

DIETARY INTERACTIONS WITH MAOIs

Tyramine and Hypertensive Crisis

Tyramine is a trace vasoactive amine that occurs natu-
rally in a range of foods and in the gut. Usually, tyramine
is metabolized by MAO-A in the intestinal wall and then
in the liver. This process destroys excess tyramine before
it can be absorbed and enter systemic circulation, where it
is converted into synaptic norepineprine.* In the synapse,
excess norepinephrine is also destroyed by MAO-A.

When an MAOI irreversibly binds to MAO-A, the
degradation of tyramine in the digestive system is prevented,
allowing an excess of tyramine to enter the bloodstream
and to be metabolized into norepinephrine. Norepinephrine
stimulates postsynaptic a;- and other adrenergic recep-
tors and the cardiovascular sympathetic nervous system
and constricts the blood vessels.* If too much tyramine is
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MAQOI Dietary Restrictions and Drug Interactions

® Dietary restrictions are required with older, irreversible
MAOIs and are lessened with low dosages of selective
MAO-B inhibitors and with transdermal formulations.

® Drug interactions can occur with all MAOIs.

= Washout periods should be carefully observed when
switching between an MAOI and a serotonergic agent.

® Counsel patients to inform other physicians that they are
taking an MAOI and to carefully select over-the-counter
drugs.

ingested, excess norepinephrine can lead to a rapid increase
in blood pressure.

When blood pressure increase is large and sudden, a
hypertensive crisis can occur. Hypertensive crisis is defined
as having a systolic blood pressure greater than 180 mm Hg
or a diastolic blood pressure greater than 120 mm Hg.® This
can cause permanent damage to bodily organs, stroke, aneu-
rysm, and, potentially (although rarely), death. Hypertensive
crises can be classified as hypertensive emergencies, in which
patients have severe hypertension and acute end-organ
damage, or hypertensive urgencies, in which patients have
severe hypertension with no or minimal end-organ damage.®
Symptoms of a potentially fatal reaction include occipital
headache that may radiate frontally, palpitations, neck stiff-
ness or soreness, nausea, vomiting, sweating (sometimes
with fever), dilated pupils, photophobia, and tachycardia or
bradycardia associated with constricting chest pain.*

The first hypertensive crisis reported in a patient taking
an MAOI was an adverse reaction to cheese.’ This was
followed by reports of reactions to a wide range of other
foods, then by attempts to assess the risks with particular
food items.!%!!

Foods Containing Tyramine
and Other Vasoactive Amines

Tyramine. To reduce the risk of hypertensive crisis,
patients taking irreversible MAOIs are required to restrict
their intake of tyramine-rich foods and foods containing
other vasoactive amines (Table 1).!%1%13 The average person
can digest 200 mg to 800 mg of tyramine before experienc-
ing an increase in blood pressure.!! However, a person who
is taking an irreversible MAOI, in which MAO-A has com-
promised tyramine metabolization, can experience a mild
reaction after ingesting only 6 mg to 10 mg of tyramine and
a severe reaction with 10 mg to 25 mg."! Clinicians should
remember that individual response to tyramine and the
levels in particular categories of food vary.!°

Levels of tyramine that are too high (>6 mg/serving)
for people taking MAOIs are found in foods such as aged
cheeses and meats, draft beer, soy products, and some yeast
extracts, as well as spoiled foods (see Table 1).!° An active
tyrosine decarboxylase (the action of which forms tyramine)
is used in making, or is found in, many cheeses or fermented
foods due to microbial contamination encountered during
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aging and storage.!! In general, fresher food is safer than
food that has been stored.

Although some foods are restricted with MAOIs, many
foods are allowed. Over time, closer examination of foods
thought to have high tyramine levels has shown this not to be
the case, in some instances. For example, avocados, banana
pulp, raspberries, and chocolate were found to contain little
or no tyramine, as were Chianti and many other alcoholic
beverages.!*!> In addition, some reports of adverse interac-
tions (eg, with liver and pickled herring) may have been due
to spoilage of the food.'* Walker and colleagues'® examined
the effect of storage on tyramine levels in some foods and
confirmed that, while improper storage raised tyramine con-
centrations in chicken livers, improper or prolonged storage
of raspberries, mozzarella cheese, and bananas did not
increase tyramine to an unsafe level. More recently, tyramine
levels in pizza and soybean products have been analyzed.'®
While most commercial chain pizzas were found to have low
amounts of tyramine (even those with double pepperoni and
double cheese), high levels of tyramine were found in some
soy products such as tofu and soy sauce.

Increased information about tyramine content in food
has made adhering to a tyramine-restricted diet easier.
Gardner et al'® used previous research and tyramine assays
to provide a simplified “user friendly diet” that clarified the
risk level of particular foods and beverages. The aim of this
diet was to make the information about dietary restrictions
easier to follow and adhere to. Continued improvements in
food packaging and storage have also contributed to a safer
food supply.!!

In addition, the mechanism of action or delivery method
of newer MAOIs, such as moclobemide and transdermal
selegiline, may reduce the risk of hypertensive crisis with
tyramine ingestion and, thus, lessen the need for diet
modification. Reversible inhibitors of MAO-A (RIMAs)
like moclobemide can be displaced from MAO-A and do
not inhibit tyramine breakdown during digestion; there-
fore, dietary modifications are not needed with doses less
than 900 mg/d of this medication.!” At the lowest dosage
(6 mg/24 h), transdermal selegiline also has less need for
dietary modification because it is not delivered directly into
the liver and intestine like oral medications.

Other vasoactive amines. Pressor agents other than
tyramine can be present in food.!> Vasogenic amines also
include phenylethylamine and tryptamine.!! Histamine is a
biogenic amine that is often found in foods, and excess intake
can lead to hypertension.!® Dopamine may also contribute
to hypertension via food interactions, although evidence is
uncertain.!” For example, levodopa, rather than tyramine,
may be responsible for the hypertensive risk that can occur
when broad (fava) bean pods are ingested in those taking
an MAOL*

DRUG INTERACTIONS WITH MAOIs

In addition to reactions with foods, both older and newer
MAQOIs can negatively interact with sympathomimetic and
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MAQOI Dietary Restrictions and Drug Interactions

Table 1. Foods to Avoid and Selected Foods Allowed With MAOI Administration®®

Food Category Avoid

Allowed

Meat, poultry, and fish®

hard salami, pepperoni, mortadella)

Spoiled or improperly stored meat, poultry, fish,
or animal livers (eg, foods that have undergone
changes in coloration, odor, or become moldy)
Air dried, aged, and fermented meat (eg, cacciatore,

Fresh meat, poultry, and fish, including fresh processed
meats (eg, lunch meats, cooked ham, hot dogs,
breakfast sausage)

Properly stored smoked fish

Fresh gravy

Pickled herring Chicken or beef bouillon
Dairyb Aged cheeses (eg, cheese with fermentation holes, Processed cheeses, mozzarella, ricotta cheese, cottage
strong smells, or salty or biting taste) cheese, cream cheese, and commercial chain pizza with
low-tyramine cheese
Fresh milk
Sour cream
Yogurt
Ice cream
Fruit Banana peels Banana pulp and all other fresh, properly stored fruits
Vegetables Broad bean pods (eg, fava bean pods) Avocado and all other fresh, properly stored vegetables
Soy Soy products (eg, soy sauce and tofu) Soy milk
Beverages Tap beer and nonpasturized beer, including Bottled and canned beers¢
nonalcoholic beer Wines®*
Other Concentrated yeast extract (eg, Marmite) Brewer’s yeast

Sauerkraut
Excessive caffeine
Excessive chocolate

Over-the-counter supplements containing tyramine

Baker’s yeast

Other yeast extracts
Monosodium glutamate
Moderate amounts of caffeine
Moderate amounts of chocolate

“Based on the transdermal selegiline'? and phenelzine!® package inserts and Gardner et al.!?

"Dietary modifications are not needed with low doses of transdermal selegiline or low oral doses of MAO-B inhibitors.
All meat, poultry, fish, and cheese and dairy products should be stored in a refrigerator and eaten before they spoil.
4As with all antidepressants, concomitant consumption of alcohol is not recommended.

“More than two 12-oz beers or two 4-o0z glasses of wine are not recommended in one sitting.

Abbreviations: MAO = monoamine oxidase, MAOI = MAOQ inhibitor.

serotonergic agents (Table 2).121321-25 Because of these
possible interactions, agents that inhibit serotonin or norepi-
nephrine reuptake (eg, selective serotonin reuptake inhibitors
[SSRIs] and serotonin-norepinephrine reuptake inhibitors
[SNRIs]) should not be combined with MAQIs, nor should
agents that boost norepinephrine. To avoid mistakenly com-
bining contraindicated medications, clinicians should always
tell patients to inform their other physicians about their MAOI
regimen. Further, patients should be counseled to check over-
the-counter products for sympathomimetic agents.

The most serious, but rare, drug interactions that can
result from the combination of sympathomimetic agents or
serotonergic agents with MAQIs are hypertensive crisis and
serotonin syndrome.

Sympathomimetic Agents and Hypertensive Crisis

Sympathomimetic agents imitate the effects of sympathetic
nervous system neurotransmitters, such as norepinephrine.
Sympathomimetic drugs can act directly or indirectly. Direct-
acting sympathomimetics block the breakdown and reuptake
of catecholamines and stimulate adrenergic and dopamin-
ergic receptors. Indirect-acting sympathomimetics provoke
the production and release of catecholamines and block
norepinephrine transporter activity. The resulting effects of
direct and indirect sympathomimetic action include increased
cardiac output, vasoconstriction, regulation of body tempera-
ture, bronchial dilation, and relaxation of intestinal smooth
muscle.

Sympathomimetic drugs can be used in the short-term to
treat conditions such as hypotension, myocardial infarction,
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or congestion. These agents range from stimulants to
illicit drugs to over-the-counter medications containing
vasoconstrictors, like some cough and cold remedies and
weight-reducing preparations (see Table 2).°

When coadministered with MAOISs, sympathomimetics
that boost adrenergic stimulation by a mechanism other
than MAO inhibition can dangerously elevate blood pres-
sure, causing a hypertensive crisis.* For example, when the
decongestant phenylephrine, which constricts nasal blood
vessels and directly stimulates a;-adrenergic postsynaptic
vascular receptors, is combined with the pronoradrenergic
actions of MAOIs, blood pressure can rise and cause hyper-
tensive crisis in some patients.*

Other adrenergic stimulants that should be avoided
include methylphenidate and amphetamine, which are used
to treat attention-deficit/hyperactivity disorder (ADHD).
Methylphenidate blocks the reuptake of norepinephrine, and
amphetamine inhibits the reuptake of and also releases nor-
epinephrine.*?® Other treatments that block norepinephrine
reuptake include some other antidepressants (eg, SNRIs),
appetite suppressants, and the analgesic tramadol.*

Tryptophan. Tryptophan is converted into serotonin in
the brain by tryptophan hydroxylase and decarboxylase.?®
As a dietary supplement, tryptophan (6 to 18 mg/d) is con-
traindicated with MAOIs because it is a sympathomimetic
compound.

Levodopa. Levodopa is also a contraindicated sympath-
omimetic compound, although oral selegiline is approved by
the US Food and Drug Administration (FDA) as an adjunct
to levodopa/carbidopa for Parkinson’s disease.?!
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Table 2. Agents That Are Contraindicated With MAOIs and the Corresponding Adverse Events®?
Agent Hypertensive Crisis Serotonin Syndrome Other Adverse Events

Amphetamines v v
Analgesics/opioids
Meperidine
Methadone -
Pentazocine -
Propoxyphene -
Tramadol -
Anesthesias® v B
Antibiotics
Linezolid -

AN

AN

Antidepressants
Bupropion
Other MAOIs¢
SNRIs®
SSRIsf
TCAs®
TeCAs"

Antiepileptic agents'

Increased body temperature, coma, and seizures
Severe convulsive seizures, coma, and circulatory collapse

SSESSS

AN N NN

Decreases drug exposure

Antihistaminic agents - Hypotension
Antihypertensive agents’ - - Hypotension
Antiparkinsonism agents® -
Buspirone v
CNS depressants' - - Enhanced sedation
Cocaine v -
Dexfenfluramine - v

Dextromethorphan - v Brief episodes of psychosis or bizarre behavior
Dibenzazepine-related agents™ v v

Disulfiram - - Severe toxicity, including convulsions and death
Diuretics - - Hypotension

Severe convulsive seizures, coma, and circulatory collapse

Female sex steroids 4 v

Hypotensive agents - - Hypotension

Metrizamide - - Lowers the seizure threshold level

Sedatives - - Enhanced sedation

St. John’s wort - v

Sympathomimetics
Dopamine
Epinephrine
Guanethidine
Levodopa®
Methyldopa
Methylphenidate
Norepinephrine
Phenylalanine
Reserpine
Tyrosine
Tryptophan

- Hypotension

SNISSSSSSSSN TSNS
|

Vasoconstrictors that may be in
cold, hay fever, and weight-
reducing preparations”

*Based on the manufacturer’s package inserts,'>!>?!-23 Lawrence et al,** and Laine et al.>> ®MAOTs should be discontinued a minimum of 14 days before
administering any of these medications. Because fluoxetine has a particularly long half-life, a minimum washout period of 5 weeks is necessary. MAOIs
should not be given to patients with cardiovascular disease, cerebrovascular defects, hypertension, liver disease, or pheochromocytoma. MAOIs should
be used with caution in patients with diabetes, epilepsy, hyperthyroidism, renal impairment, and prior substance abuse history. “MAOIs should be
discontinued for at least 10 days prior to receiving general or local anesthesia for surgery. If surgery is needed before 10 days, physicians may cautiously
use benzodiazepines, mivacurium, rapacuronium, fentanyl, morphine, or codeine. “MAOIs include isocarboxazid, furazolidone, pargyline, phenelzine,
procarbazine, selegiline, and tranylcypromine. °SNRIs include duloxetine, milnacipran, sibutramine, and venlafaxine. SSRIs include citalopram,
fluoxetine, fluvoxamine, paroxetine, and sertraline. 8TCAs include amitriptyline, amoxapine, clomipramine, desipramine, doxepin, imipramine,
nortriptyline, protriptyline, and trimipramine. "TeCAs include maprotiline and mirtazapine. !Antiepileptic medications include carbamazepine
and oxcarbazepine. 'Antihypertensive agents include -blockers, guanethidine, reserpine, and thiazide diuretics. *Oral selegiline is approved by the
US Food and Drug Administration (FDA) to be administered as an adjunct to levodopa/carbidopa. 'CNS depressants include alcohol, barbiturates,
narcotics, and sedatives. ™Dibenzazepine-related agents include carbamazepine, cyclobenzaprine, and perphenazine. "Vasoconstrictors that may be
in cold, hay fever, and weight reducing preparations include pseudoephedrine, phenylephrine, phenylpropanolamine, and ephedrine.

Symbols: v =has the propensity to cause condition, — = does not cause the condition.

Abbreviations: CNS = central nervous system, MAOI = monoamine oxidase inhibitor, SNRI = serotonin-norepinephrine reuptake inhibitor,

SSRI =selective serotonin reuptake inhibitor, TCA = tricyclic antidepressant, TeCA = tetracyclic antidepressant.
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Serotonergic Agents and Serotonin Syndrome

Part of the antidepressant effect of MAOIs includes
inhibiting the MAO enzymes that deactivate serotonin,
which in turn, enhances the synaptic availability of
serotonin.?®Agents that enhance serotonin’s effects, such
as antidepressants that inhibit serotonin reuptake or
amphetamines that release serotonin, should be avoided in
combination with MAOIs because an accumulation of too
much serotonin will result in serotonin syndrome, which
can be fatal.

Serotonin syndrome is characterized by autonomic,
neuromotor, and cognitive-behavioral symptoms.?”-?® The
most frequently reported symptoms are changes in mental
status such as confusion and hypomania, restlessness, myo-
clonus, hyperreflexia, diaphoresis, shivering, and tremor.
Diarrhea, incoordination, and fever can also occur. Severe
hyperthermia with complications such as disseminated
intravascular coagulation, rhabdomyolysis, and renal failure
can sometimes precede death. Clinicians should be aware
that serotonin syndrome has overlapping signs and symp-
toms with several other hyperthermic states or syndromes
such as lethal catatonia, anticholinergic toxicity, malignant
hyperthermia, and neuroleptic malignant syndrome.?%?

According to the Hunter Serotonin Toxicity Criteria,?®
serotonin syndrome is present if a serotonergic agent has
been taken and 1 of the following conditions is met:

« Spontaneous clonus

« Inducible clonus and agitation or diaphoresis

o Ocular clonus and agitation or diaphoresis

o Tremor and hyperreflexia

« Hypertonia, temperature greater than 38°C, and
ocular clonus or inducible clonus.

In most cases, the syndrome resolves within 24 hours
when the agents are discontinued.?” In severe cases, inten-
sive care observation and treatment is necessary.

When prescribing MAOIs and advising patients about
drug interactions, clinicians should remember that patients
with several common medical conditions are at particu-
lar risk for serotonin syndrome because they may have a
reduced ability to metabolize serotonin.? These conditions
include damaged vascular or pulmonary endothelium,
atherosclerosis, hypertension, and hypercholesterolemia.

Serotonin syndrome can occur with many MAOI drug
combinations, and new contraindications are occasion-
ally added (see Table 2). The most toxic combination is
an irreversible MAOI with another serotonergic agent.?”*
A relatively recent addition to the list of agents that can
cause serotonin syndrome when combined with MAOIs is
the antibiotic linezolid, which inhibits both MAO-A and
MAO-B.** The syndrome has also been reported between
the newer MAOTIs selegiline’!*? and moclobemide®® with
other serotonergic agents. Although dietary restrictions are
lessened with low dosages of transdermal selegiline and
moclobemide, the drug interaction precautions remain in
effect, as with all other MAOIs.
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Because of the serious nature of serotonin syndrome,
clinicians must prevent unnecessary excess serotonergic
activity. When switching between serotonergic agents,
clinicians should observe current manufacturers’ package
insert recommendations. Generally, a washout period of
at least 14 days is required after discontinuing an MAOI
and before beginning a serotonergic agent, and vice versa.>*
Because fluoxetine has a particularly long dynamic half-
life,>> a washout period of more than 5 weeks may be
needed.”’

EFFICACY AND SAFETY OF NEWER MAOIs

MAOIs with varying mechanisms of action and meth-
ods of delivery have become available relatively recently.
These medications are efficacious for depression or
Parkinson’s disease.

Selegiline/L-Deprenyl

Oral and transdermal selegiline formulations are selec-
tive inhibitors of MAO-B at low doses. However, at higher
doses (>20 mg/d for oral selegiline and >9 mg/24 h for
transdermal selegiline), selectivity is lost and both MAO-A
and MAO-B are inhibited.

Oral selegiline. The oral formulation of selegiline is
indicated for adjunctive use with levodopa/carbidopa for
treatment of Parkinson’s disease,”! but is not indicated
for the treatment of depression. Patients with Parkin-
son’s disease treated with this combination over 9 years
showed better survival rates than those treated with L-dopa
alone.*

The package insert?! warns that, even at the low dose
of 10 mg/d, selectivity for MAO-B may not be complete
and rare cases of hypertensive reaction associated with
tyramine ingestion have been reported. Adverse reactions
in patients treated with oral selegiline and amitriptyline,
protriptyline, tricyclic antidepressants (TCAs), and SSRIs
have also been reported. With oral selegiline, caution
regarding diet should be given and a 14-day washout period
for TCAs and SSRIs is advised because the mechanism of
action of these combinations is not fully understood. In
a small study (N'=8), the bioavailability of oral selegiline
was increased 10- to 20-fold by the concomitant use of oral
contraceptives and, thus, increased the risk of food and
drug interactions.? This finding also has implications for
patients taking hormone replacement therapy, which con-
tains female sex steroids.

Transdermal selegiline. Transdermal selegiline is indi-
cated for treatment of major depressive disorder (MDD).
It is delivered via a skin patch and is available in doses of
6, 9, and 12 mg/24 hours. Several double-blind, placebo-
controlled studies have established the efficacy of selegiline
for MDD.?7-40

Bodkin and Amsterdam®” studied 177 outpatients with
mostly moderate MDD who were treated with a 6 mg/24
hour dose (delivered by a 20 mg/20 cm? patch) of selegiline
for 6 weeks. Participants observed a tyramine-restricted diet.
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The selegiline patch produced greater improvement versus
placebo at endpoint according to the Hamilton Depression
Rating Scale-17 (HDRS,;), the Hamilton Depression Rating
Scale-28 (HDRSy), and the Montgomery-Asberg Depres-
sion Rating Scale (MADRS), with improvement occurring
as early as week 1.

A larger study?® of outpatients with MDD (N =365) over
up to 8 weeks found a modest effect size for 6 mg/24 hour
selegiline versus placebo. Ratings were statistically signifi-
cant favoring selegiline on MADRS (P=.001) and HDRS,4
(P=.039) scores, but nonsignificantly better on the HDRS,,
and Clinical Global Impressions-Severity (CGI-S) ratings.
Patients were not advised to adhere to a tyramine-restricted
diet, and no significant differences in blood pressure
occurred.

A long-term study® of patients who had responded to 10
weeks of treatment with a 6 mg/24 hour patch found that, at
12 montbhs, relapse rates were significantly lower with trans-
dermal selegiline (16.8%) than placebo (30.7%) and time to
relapse was significantly longer with the active agent than
placebo (P=.0048).

A flexible-dose trial* of the selegiline patch allowed use of
the 2 higher doses if response was insufficient in 265 patients
with MDD over 8 weeks. Significantly greater improvement
compared with placebo was found on the HDRS,3, MADRS,
and Inventory for Depressive Symptomatology-Self Rated
(IDS-SR) scales (P<.05). No dietary restrictions were
imposed, and no hypertensive crises resulted.

Moclobemide

Moclobemide is a RIMA that is available only outside
the United States. Because moclobemide reversibly inhib-
its MAO-A, the need for dietary restrictions and the risk
for hypertensive crisis are substantially lessened with this
MAOIL

Meta-analyses of studies in patients with depression
have found moclobemide to be more effective than placebo
and to be comparable to TCAs and SSRIs.!” Moclobemide
has a short half-life and, therefore, the drug is washed out
fairly quickly after discontinuation.!”

17,41-43

Rasagiline

Rasagiline is a selective inhibitor of MAO-B at recom-
mended doses of 0.5 or 1 mg/d. Selectivity is lost progressively
as dosage increases. This medication is indicated for initial
monotherapy and adjunctive therapy with levodopa in
patients with Parkinson’s disease,** but is not indicated for
depression.

For outpatients with Parkinson’s disease (N=687),
adjunctive rasagiline was similar to entacapone and better
than placebo in reducing daily off-time and increasing daily
on-time, and significantly improved CGI scores versus entaca-
pone and placebo (P<.0001 and P=.0002, respectively).*’

Rasagiline carries warnings for serotonin syndrome and
hypertensive crisis. Foods containing high levels of tyramine
and contraindicated drugs should clearly be avoided (see
Tables 1 and 2).
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FUTURE DIRECTIONS:
PERSONALIZED TREATMENT FOR DEPRESSION

A large armamentarium of medications is available to
treat depression, including MAOIs. One goal for the future
in medicine is to be able to predict which patients are most
likely to respond to particular agents, that is, personalizing
therapy. In the past, when the armamentarium of depression
treatments was beginning to grow, one way to personalize
therapy was to determine the subtype of depression; for
patients with atypical depression, MAQOIs were believed
to have superior efficacy.*® Better methods for treatment
selection that incorporate pharmacogenetics may eventu-
ally become available.

Developing a predictive panel of pharmacogenetic
biomarkers may eventually be able to guide the stratification
of depression therapy for particular patients, which should
improve their treatment outcomes and quality of life. A single,
first genome-wide association study,” which was based on
samples from 1,948 participants in the Sequenced Treatment
Alternatives to Relieve Depression (STAR*D) study, has
shown nonsignificant results. The study did identify single
nucleotide polymorphisms associated with response and
remission that deserve further research. Further, although
the number of pharmacogenetic tests for cancer has grown
in recent years, the same cannot be said for neuropsychi-
atric disorders.*®*° Genetic testing may, however, eventually
be available to inform treatment selection in patients with
depression.

CONCLUSIONS

Monoamine oxidase inhibitors are effective treatments
for depression, but due to dietary restrictions and drug inter-
actions, they are relatively underused. Despite the restriction
of dietary tyramine, many foods are permitted with MAOISs,
and some foods once thought to contain tyramine have been
discovered to have no or little tyramine. Additionally, the
need for a tyramine-restricted diet depends on the MAOI
and its dosage. For example, transdermal delivery and MAO
reversibility may avoid the need for dietary modifications.
Although some MAOIs reduce the risk of dietary interac-
tions, all MAOIs can have serious drug interactions with
sympathomimetics, serotonergic agents, and other medica-
tions, potentially leading to hypertensive crisis or serotonin
syndrome. In the future, a greater understanding of pharma-
cogenomics may assist clinicians in personalizing depression
therapy and selecting the most effective antidepressant for
individual patients.

Drug names: bupropion (Wellbutrin, Aplenzin, and others),
carbamazepine (Carbatrol, Equetro, and others), citalopram (Celexa
and others), clomipramine (Anafranil and others), cyclobenzaprine
(Amrix, Flexeril, and others), desipramine (Norpramin and others),
disulfiram (Anatabuse and others), doxepin (Zonalon and others),
duloxetine (Cymbalta), entacapone (Comtan), fentanyl (Duragesic,
Subsys, and others), fluoxetine (Prozac and others), fluvoxamine (Luvox
and others), imipramine (Tofranil and others), isocarboxazid (Marplan),
levodopa/carbidopa (Parcopa, Sinemet, and others), linezolid (Zyvox),
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meperidine (Demerol and others), methadone (Methadose and

others), methylphenidate (Focalin, Daytrana, and others), milnacipran 21.
(Savella), mirtazapine (Remeron and others), morphine (Avinza,

Kadian, and others), nortriptyline (Pamelor, Aventyl, and others),

oxcarbazepine (Trileptal and others), paroxetine (Paxil, Pexeva, 22.
and others), pentazocine (Talwin), phenelzine (Nardil and others),

procarbazine (Matulane), protriptyline (Vivactil and others), rasagiline

(Azilect), reserpine (Serplan and others), selegiline oral formulation

(Eldepryl, Zelapar, and others), selegiline transdermal system 23.
(EMSAM), sertraline (Zoloft and others), tramadol (Ryzolt, Ultram,

and others), tranylcypromine (Parnate and others), trimipramine

[letter]? J Clin Psychiatry. 2008;69(8):1336-1337.

Eldepryl (selegiline) [package insert]. Napa, CA: Dey Pharma LP; 2011.
http://dailymed.nlm.nih.gov/dailymed/lookup.cfm?setid=106429ad-
859a-4b29-babf-42cb85{7236e. Accessed May 17, 2012.

Marplan (isocarboxazid) [package insert]. Parsippany, NJ: Validus
Pharmaceuticals, Inc; 2012. http://dailymed.nlm.nih.gov/dailymed/
lookup.cfm?setid=ac387aa0-3f04-4865-a913-db6ed6f4fdc5. Accessed
May 17, 2012.

Parnate (tranylcypromine) [package insert]. Research Triangle Park,
NC: GlaxoSmithKline LLC; 2012. http://dailymed.nlm.nih.gov/
dailymed/lookup.cfm?setid=b9f8ba41-3f86-4633-3e8e-fcf1cffa9756.

(Surmontil and others), venlafaxine (Effexor and others).
Disclosure of off-label usage: The author has determined that,
to the best of his knowledge, no investigational information
about pharmaceutical agents that is outside US Food and Drug

Administration-approved labeling has been presented in this article. 25. Laine K, Anttila M, Helminen A, et al. Dose linearity study of selegiline
pharmacokinetics after oral administration: evidence for strong drug
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