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AMPT (alpha-methyl-para-tyrosine) is an inhibi-
tor of tyrosine hydroxylase, the rate-limiting
enzyme in dopamine biosynthesis. In clinical set-
tings, AMPT is approved to treat pheochromocy-
toma. Dystonias and dyskinesias seem to have
their origin in inconsistent regulation of dopa-
mine function in dopamine pathways. This paper
presents case histories of the clinical efficacy of
AMPT for treating certain individuals with
neuroleptic-induced dystonia or dyskinesia. The
authors propose that a special utility of AMPT in
tardive disorders may be related to a downregula-
tion of tyrosine hydroxylase activity that may be
increased by neuroleptic-induced effects on tyro-
sine hydroxylase phosphorylation.

(The Journal of Neuropsychiatry and Clinical
Neurosciences 2007; 19:65–69)

Tyrosine hydroxylase is the rate-limiting enzyme of
the biosynthesis of catecholamines. It converts

l-tyrosine to l-dopa. The compound alpha-methyl-p-
tyrosine (AMPT) competes with l-tyrosine at the tyrosine-
binding site, causing inhibition of tyrosine hydroxylase.
In 1965, Sjoerdsma et al.1 reported the ability of AMPT
to alter catacholamine synthesis in man. Engelman et
al.2 reported its use to lower catacholamine levels in 52
patients with pheochromocytoma. AMPT has been used
extensively in human and animal research for its ability
to deplete dopamine, and clinical trials have been re-
ported in various disease states in which dysfunctional
dopamine homeostasis is implicated. It has been used
as a supplement to antipsychotics,3 in movement dis-
orders like tardive dyskinesia,4,5 in Huntington’s dis-
ease,6 and for lowering cravings in substance abuse.7

Nevertheless, AMPT has not acquired regular clinical
use, though it is occasionally mentioned as a possible
treatment in refractory dystonia or dyskinesia.8

Intracellular Dopamine

There is evidence of two functional pools of dopamine
within the dopaminergic cell.9 These pools, the cytosolic
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pool (or newly synthesized pool) and vesicular pool
(stored pool) are often distinguished by their different
response to the dopamine-depleting drugs.10 The pri-
mary effect of AMPT is to limit the amount of newly
synthesized dopamine formed in the cytosol by lower-
ing the production of dopamine via direct inhibition of
tyrosine hydroxylase. Reserpine and Tetrabenezine pre-
vent the uptake of dopamine into vesicular stores, which
ultimately results in a loss of cellular dopamine.11

The dosages of AMPT recommended for most clinical
trials and the treatment of pheochromocytoma range
from 1000 to 3000mg/day, which substantially reduce
catacholamine biosynthesis (36% to 80%).12 We propose
that the clinical effect of low doses of AMPT is to modify
neuroleptic-related increases in cytosolic dopamine by
direct inhibition of tyrosine hydroxylase. By affecting
the fluctuations that occur in dopamine production,
AMPT provides a therapeutic benefit not available with
the use of other dopaminergic medications.

Phosphorylation of Tyrosine Hydroxylase

Under physiological conditions, the activity of tyrosine
hydroxylase is regulated by phosphorylation at Ser31
(Serine31) or Ser40.13 Phosphorylated tyrosine hydrox-
ylase has enhanced efficacy in dopamine synthesis. Vari-
ous stimuli, including N-methyl-D-aspartic (NMDA) re-
ceptor stimulation,14 nicotine,15 and histamine,16 have
been shown to affect the activity of tyrosine hydroxylase
through phosphorylation at these serine residues.17 An-
tipsychotics such as thioridazine or clozapine increase
tyrosine hydroxylase activity,18 likely through increases
of phosphorylation of tyrosine hydroxylase at Ser31 or
Ser40 via dopamine-2 (D2) receptors.19 These increases
in tyrosine hydroxylase phosphorylation occur follow-
ing administration in both naive animals20 and in ani-
mals that have been chronically administered antipsy-
chotics for 2 weeks.19 Therefore, neuroleptic treatment
has the potential to cause transient upregulation of do-
pamine levels which may be more than necessary for
normal execution of motoric function and, as a result,
cause dystonia or dyskinesia.

Case Studies Using Low-Dose AMPT

Since AMPT acts directly on tyrosine hydroxylase, and
probably bypasses phosphorylation effects caused by

antipsychotics, it is possible that low dose AMPT might
have a special benefit in tardive dyskinesia. We report
three cases in which the use of AMPT (at 1 gram per
day or less) had efficacy in the treatment of movement
disorders, which was superior to previous treatments.

Case 1. Constant Tremor and Intermittent Dystonia
Secondary to Brain Trauma
We saw an adolescent woman 10 years after she sus-
tained a brain injury at the age of seven. Her right arm
presented a Parkinson-like tremor resulting from the in-
jury. She also had episodic “attacks” of painful dystonia,
during which she often gripped an object so tightly that
it was nearly impossible to pry her hand loose. Occa-
sionally, ego-alien hallucinations accompanied these ep-
isodes. Both symptoms occurred more often when she
was anxious. The hallucinations had not responded to a
regimen of olanzapine, 20mg/day, and botulinum toxin
injections had been minimally helpful for the dystonia.
The anticholinergic trihexyphenidyl helped the tremor
but not the dystonia. Since the episodes of dystonia were
linked with hallucinations, we presumed they resulted
from excess dopaminergic activity, similar to tardive
dystonia. A trial of low-dose pimozide did not improve
the hallucinations or dystonia, but did worsen her
tremor. She was then placed on a regimen of AMPT,
250mg/day. This quickly improved the hallucinations
and the dystonia, but 500mg/day caused an increase of
the tremor. The dystonia recurred when AMPT was tem-
porarily stopped. She obtained maximal benefits on ris-
peridone 0.5mg q.i.d., haloperidol, 0.125mg t.i.d., and
AMPT 325 mg/day. Later she tolerated a downward ti-
tration of the antipsychotics. She had a mild dystonic
reaction less than once a week. Her arm is reasonably
useful despite the continued tremor. She remained sta-
ble for 3 years, then was transferred to local care.

Case 2. The Use of AMPT to Mask Acute Tardive
Dystonia
A 25-year-old profoundly retarded woman had epi-
sodes of severe aggression over a 10-year period. She
was hospitalized in a nonaffiliated psychiatric hospital
where her neuroleptic dose was raised to haloperidol,
10mg, plus olanzapine, 20mg/day. After discharge, she
demonstrated severe akathisia, which was relieved by
titrating her off of the haloperidol. Three weeks later the
olanzapine was rapidly replaced by quetiapine, 300mg/
day, because of an elevated sodium level. Within 4 days
she developed multiple symptoms of severe dystonia.
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She lost her ability to walk, and her left elbow became
fixed in a flexed position. She had swallowing and
breathing problems when eating. She was admitted to
the medical unit of an affiliated hospital for treatment
of aspiration pneumonia. Increasing the antipsychotic
dose caused increased dystonic rigidity. She was then
placed on clozapine, 125mg/day, which stabilized her
psychiatric condition, but dystonia continued in her
limbs preventing normal daily function. The addition of
AMPT, 250mg q.i.d., relieved her dystonia sufficiently
to allow for appropriate care. The dystonia then began
to resolve—allowing for titration of the AMPT to 250mg
b.i.d. Her eating, walking, and muscle movements were
nearly normal within 6 weeks. It is uncertain whether
the dystonia resolved spontaneously, through the action
of the clozapine, or by some action of the AMPT. How-
ever, it is evident that the dystonia was neutralized by
the AMPT, making her physical care much easier.

Case 3. Relief of Symptoms of Long-Standing Tardive
Dyskinesia Using a Very Low Dose of AMPT
A 40-year-old mildly retarded woman was seen over a
10-year period for psychiatric difficulties related to
childhood abuse. She also had a long-standing history
of tardive movements. Her first tardive dyskinesia
symptoms occurred 4 months after she had received a
neuroleptic for the first time and were described as eye
blinking, mouth movements, and walking with an
arched back. Originally she responded to this clinic’s
standard protocol for treating tardive dyskinesia with a
neuroleptic and amantadine.21 After 2 years of slow ti-
tration, she was off the neuroleptic and amantadine
without symptoms of tardive dyskinesia. Later, we be-
gan a regimen of risperidone to relieve psychotic symp-
toms. She quickly developed tardive dyskinesia move-
ments. This time, the combination of neuroleptic and
amantadine provided no benefit. Treatment with cloza-
pine also was ineffective. She was given a short trial of
1g of AMPT, which was discontinued because of
pseudo-parkinsonian tremor. After years of waxing and
waning symptoms, including excess eye blinking, er-
ratic shoulder and arm movements, mouth movements,
and swallowing difficulties, AMPT, 250mg three times
a week, was added to her complex regimen of multiple
antipsychotics, which had been only partially helpful.
This markedly lowered her abnormal movements, and
has allowed the antipsychotic dosage to be lowered
more than 50%. She was stable for 3 years but recently
increasing dysphagia required changes in her medica-

tion regime, which has caused a return of some limb
dyskinesia.

Clinical Experience With Dopamine-Depleting
Drugs

Reserpine, one of the early drugs which lowered dopa-
mine activity, never attained wide clinical use because
of significant side effects.22 This clinic formerly used res-
erpine as an adjunctive to neuroleptics for treating the
episodic psychotic symptoms commonly seen in the de-
velopmentally disabled population. Reserpine some-
times lowered the intensity and frequency of such psy-
chotic reactions but also caused side effects of sedation,
sluggishness, and depression. In the mid-1980s, AMPT
was substituted for reserpine. Currently, 30 clinic out-
patients are receiving AMPT, with only one receiving
more than 1000mg/day. The majority had a long history
of severe violence related to psychosis. The rest had
various conditions including episodes of nonviolent
psychosis, autistic impulsivity, violence related to nico-
tine craving, and movement disorders. Nearly all of
these current patients have failed attempts to titrate
down the AMPT.

Side Effects

Since the dose of AMPT is low, the side effects listed in
the manufacturer’s description, such as crystalluria, di-
arrhea, anxiety, and depression, have not been seen. All
of the individuals who received AMPT at this clinic
were also receiving antipsychotics, and a number of pa-
tients have demonstrated side effects, such as prolactin
elevations and pseudo-Parkinson movement disorders.
Since AMPT blocks dopamine synthesis, treatment of
movement side effects requires restitution of dopamine
using l-dopa or l-tyrosine. This clinic’s protocol to treat
movement side effects stops the AMPT and gives four
doses of clinic-supplied l-tyrosine (1000mg every 12
hours). Symptoms generally clear quickly after the first
dose of l-tyrosine. Use of the combination of AMPT and
reserpine in eight patients demonstrated no increased
benefit but did produce increased movement side ef-
fects, including two cases of neuroleptic malignant syn-
drome.
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Effect of Chronic Antipsychotics on Tyrosine
Hydroxylase Function

The delayed motoric side effects of neuroleptics are clas-
sified as tardive disorders. Tardive dyskinesia and tar-
dive dystonia are observed in roughly 25% of patients
treated with neuroleptics.23 The basal ganglia plays a
primary role in motoric function, and within it, the ni-
grostriatal dopamine pathway has a major part in voli-
tional aspects of the initiation of movement. It is thought
that imbalance of D2 receptor expression in the basal gan-
glia is induced by chronic neuroleptics.23 Neuroleptic-
induced increases in tyrosine hydroxylase phosphoryla-
tion were first described in both the nigrostriatal and
mesolimbic systems in vivo by Salvatore et al.20 This
study also showed that haloperidol elevated phos-
phorylation at Ser19 in the striatum, a site recently
shown to affect the ability of Ser40 to phosphorylate.24

Because phosphorylation of tyrosine hydroxylase at
Ser31 or Ser40 can increase dopamine biosynthesis, the
neuroleptic-induced increases in Ser31 or Ser40 would
be expected to elevate levels of dopamine in dopamine
pathways. Recently, it has been shown that D2 receptors
play a role in the neuroleptic-induced increase in tyro-
sine hydroxylase phosphorylation at Ser31 and Ser40
in the striatum.25 Because tyrosine hydroxylase phos-

phorylation increases from a single administration of
neuroleptics either in naı̈ve animals or in animals un-
dergoing chronic neuroleptic administration, a hyper-
dopaminergic tone in the basal ganglia could be the end
result of the use of neuroleptics and may predispose cer-
tain individuals to tardive dyskinesia or tardive dys-
tonia. The use of AMPT would bypass the increase in
phosphorylation caused by neuroleptics, and perhaps
restore a functionally normal level of dopamine.

The Unique Pharmacology of AMPT

Although none of the reported cases is completely stable,
the use of AMPT did provide some therapeutic control
of neuroleptic-induced motor dysfunctions. The apparent
capacity of low-dose AMPT to provide therapeutic bene-
fits suggests that dopamine activity can be stabilized by
manipulating the activity of tyrosine hydroxylase and its
effect on the cytosolic dopamine storage pool. The effect
of antipsychotic use on the activity of tyrosine hydrox-
ylase may be a contributor to the phenomenon of tardive
movement disorders. Therapy with AMPT seems to offer
a way to offset the presumed increases in dopamine func-
tion that occur with the use of antipsychotics which con-
tribute to the tardive movement disorder.
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