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Pressor Response to Intravenous Tyramine in Healthy Subjects
After Safinamide, a Novel Neuroprotectant With Selective,
Reversible Monoamine Oxidase B Inhibition
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Summary: Safinamide is a novel neuroprotectant combining sodium and calcium
channel blocking properties with selective, reversible monoamine oxidase type B (MAO
B) inhibition. Phase 1 studies have demonstrated that in healthy volunteers, the ED50 (a
dose that inhibits enzyme activity by 50% in 50% of treated subjects) for MAO B inhi-
bition is 87.5 pg/kg/day orally, and that no MAO A inhibition occurs after 10-mg/kg
oral dosing. To assess the risk of inducing the “cheese effect,” the effect of safinamide
and placebo on the pressor response to tyramine was investigated in a group of healthy
male volunteers. The study was an open, single-dose placebo-controlled trial with the 2
treatments in sequence. An increase of 30 mm Hg systolic blood pressure was obtained
by intravenous tyramine administered by 0.5-mg incremental boluses injected at 15-
minute intervals. The amount of tyramine necessary to achieve such a blood pressure
increase was the same after the safinamide 2-mg/kg oral load compared with placebo.
These results suggest that dietary restrictions for food with high tyramine content should
not be required under safinamide treatment. Key Words: safinamide, monoamine oxi-

dase, tyramine

Safinamide is a novel chemical entity with several
pharmacodynamic properties all converging toward a
neuroprotecting effect. Safinamide use and frequency-
dependent sodium channel block together with its cal-
cium antagonism likely contribute to the glutamate re-
lease inhibition that has been observed in various
experimental settings.' In addition, safinamide is a po-
tent, selective, reversible inhibitor of monoamine oxi-
dase type B (MAO B) and inhibits dopamine uptake.
As such, safinamide has demonstrated antiparkinso-
nian and antiepileptic activity in several animal mod-
els, and it is in phase 2 clinical trials for both Parkinson
and epilepsy indications.

MAO exists in two functional isoenzyme forms, A
and B, which are different on the basis of their affinity
for substrates and specificity toward inhibitors.”> MAO
A preferentially deaminates noradrenaline and seroto-
nin; MAO B has a higher affinity for benzylamine and
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phenylethylamine. Monoamines, such as dopamine
and tyramine (the serotonin precursor), are substrates
of both types of MAO.?

Tyramine intestinal degradation mainly involves
MAO A, whereas its neuronal degradation involves
mainly MAO B.? Tyramine evokes its pharmacologic
action by displacing noradrenaline from intraneuronal
stores, subsequently causing an increase in blood pres-
sure (BP).*

The use of nonselective MAO inhibitors or MAO A
inhibitors can lead to life-threatening hypertensive cri-
sis via the potentiation of peripheral adrenergic stimu-
lation caused by tyramine ingested with food, such as
seasoned cheese, chicken liver, soy sauce, red wine,
and so forth.® This is the so-called “cheese effect,”
which can be assessed pharmacodynamically by the
measurement of systolic BP.®

The tyramine challenge, by both the oral and intra-
venous routes, is largely used to simulate the clinical
situation that may occur during treatment with MAO
inhibitors when ingesting food with a high tyramine
content.* !
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As suggested by Pace et al,'* the intravenous route
should be preferred inasmuch as it provides less vari-
able and more predictive results, with no first-pass me-
tabolism problems.

Safinamide, a derivative of the chemical class of
a-aminoamides, is an anticonvulsive and neuropro-
tectant drug that has also shown antiparkinsonian prop-
erties on the basis of its marked reversible inhibition of
MAO B activity and dopamine uptake inhibition.
Block of either endogenously or exogenously supplied
dopamine degradation is an effective means to improve
motor performance and to reduce oxidative stress in
Parkinson disease."?

This open, single-dose, placebo-controlled study
compared the effect of safinamide and placebo on the
pressor response to tyramine in a group of healthy male
volunteers.

METHODS
Subjects

The study was approved by the ethics committee of
Canton Ticino, Switzerland, and detailed information
about the protocol, including its benefits and risks, was
provided before written informed consent was ob-
tained. The study was conducted in accordance with
the International Conference on Harmonization (ICH)
Guidelines for Good Clinical Practice and in com-
pliance with the Declaration of Helsinki and its
amendments.

Eight male subjects, age 18 to 45 years, of white ori-
gin were enrolled in this trial. They were all healthy
volunteers, according to their medical histories and re-
sults of physical examination, electrocardiograms, vital
signs, chest radiographs, and routine laboratory tests
(complete hematologic/biochemical profile; urinalysis;
virologic tests for human immunodeficiency virus,
hepatitis B and C; and drugs of abuse screen).

Subjects had a body weight within 10% of the ideal
height/frame size as reported in the height and weight
tables for Metropolitan Life Insurance and were non-
smokers, nonvegetarians, with no history of allergic re-
sponse to anticonvulsant drugs. In addition, they should
not have used any prescription or over-the-counter
medication, not consumed food or liquid containing ty-
ramine 3 days before study initiation and until the end
of the study, and not ingested caffeine-containing bev-
erages, fresh grapefruit, grapefruit juice, or alcohol 48
hours before and until the end of the study. In addition,
they should not have been receiving treatment with any
known enzyme inhibiting or inducing agent, and
should not have made a blood donation of 250 mL or
more, or taken part in a clinical trial in the previous 3
months.
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Subjects were in fasting conditions starting 12 hours
before and lasting until the end of the pressor test. They
were hospitalized the evening before the day of admin-
istration until 24 hours after dosing, and their diet was
controlled during hospitalization. No medications were
allowed 7 days before enrollment and for the entire du-
ration of the study period. All subjects gave their writ-
ten informed consent before the study started.

Study Design

The study was an open, single-dose, placebo-
controlled trial with the 2 treatments in sequence. Each
subject was treated first with placebo and then with sa-
finamide at the 2.0-mg/kg body weight dose. All sub-
jects had a 2-week run-in period during which study
eligibility was determined, followed by 2 treatment
sessions separated by a 3-day washout period. Tyra-
mine challenges were conducted 3 hours after treat-
ment administration, at a time when, according to pre-
vious studies, time to peak concentration (Tmax) of sa-
finamide is expected. For safety purposes, subjects
were followed after treatment ended.

Drugs and Test Substance

Safinamide and a matched placebo were adminis-
tered as 10- and 50-mg capsules at the dose of 2.0
mg/kg body weight (approximated by defect). Study
drugs were dispensed by the clinical investigator or un-
der his direct supervision 3 hours before the tyramine
pressor test. Subjects were assigned consecutively to a
progressive number and were administered placebo
during the first period and safinamide during the sec-
ond. One tyramine hydrochloride vial (167.7 mg) was
diluted in 100 mL saline and was administered as an
intravenous bolus to fasting subjects, in ascending
doses from 0.5 to 6.0 mg (volume range, 0.3—-3.6 mL),
increasing gradually according to the pressor response
at approximately 15-minute intervals, until a systolic
BP increase of 30 mm Hg was recorded.

Rationale for the Choice of Safinamide Dose

In a previous study, single ascending doses from 2.5
to 10 mg/kg were administered orally to healthy male
volunteers.'* Blood and urine samples were collected
for as long as 48 hours after dosing. Safinamide blood
levels and MAO B activity in the platelet-enriched
plasma fraction were measured at fixed times after dos-
ing, as was the urinary excretion of phenylethylamine,
an MAO B substrate.

MAO A was evaluated at the highest tested dose (10
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mg/kg) by measuring plasma levels of 3-methoxy-4-
hydroxy-phenylglycol levels.

At all doses, platelet-enriched plasma fraction MAO
B activity was inhibited reversibly (>90%), and urinary
phenylethylamine was augmented remarkably as long
as 48 hours after drug intake, whereas MAO A was un-
affected after 10 mg/kg.

To provide a more accurate analysis of the dose—
response curve for MAO B inhibition, in separate
trials'* single oral doses of safinamide ranging from
25 to 600 pg/kg were administered to healthy male vol-
unteers.

A significant, reversible, progressive inhibition of
platelet-enriched plasma fraction MAO B activity was
noted with an ED50 (a dose that inhibits enzyme activ-
ity by 50% in 50% of treated subjects) of 87.54 ng-g/kg
(Fig. 1). Considering these findings, the dose chosen in
the current study (2.0 mg/kg), which is more than 20
times higher than ED50, is very predictive for the thera-
peutic doses to be used in phase 2 to 3 trials.

Tyramine Challenge

The tyramine pressor test was performed with the
same procedure both after placebo and safinamide ad-
ministration. Subjects rested in a supine position for at
least 30 minutes (equilibration period) before and until
the end of the pressor test.

Tyramine hydrochloride was administered by intra-
venous bolus to fasting subjects, starting 3 hours after
placebo or safinamide administration, in the following
dose sequence: 0.5, 1.0, 2.0, 3.0, 3.5, 4.0, 5.0, 5.5, and
6.0 mg, with each intravenous injection separated from
the next by 15 minutes. Baseline conditions for BP
were considered to be attained when the difference be-

100

h
o
|

ED50= 87.5 1igfkg

MAQ-B Inhibition
("6 basal valucs)

0 T T T T T T
25 50 75 150 300 600

SAFINAMIDE, (pg/kg, po}

FIGURE 1. Dose-response curve of monoamine oxidase
(MAO) B inhibition in platelet-enriched plasma fraction (PRP) af-
ter a single oral dose of safinamide in healthy volunteers (dose on
the abscissa). ED50, a dose that inhibits enzyme activity by 50%
in 50% of treated subjects.

tween 3 consecutive readings, at S-minute intervals,
were not greater than 5 mm Hg.

An antecubital vein was cannulated with a Teflon
cannula, ending in a 3-way cock. The cock was con-
nected to a bottle of sterile isotonic saline, and another
part was used for the injection of tyramine hydrochlo-
ride. Each tyramine injection was followed immedi-
ately by 3 mL saline to wash out the catheter.

Starting from 0.5 mg, the dose of tyramine hydro-
chloride was increased gradually according to the pres-
sor response at approximately 15-minute intervals, af-
ter systolic BP returned within 5 mm Hg of baseline.
The test was stopped when an increase in systolic BP of
30 mm Hg over the baseline value was attained. The
dose of tyramine that increased systolic BP by 30 mm
Hg was called PD30. During the test, heart rate and
electrocardiograms were monitored by telemetry, and
BP was recorded using a mercury sphygmomanometer
at 1-minute intervals for 10 minutes or longer after each
tyramine injection (ie, up to the end of the pressor effect
and restoration of the baseline values).

Appropriate measures to counteract possible sus-
tained increase of BP or other untoward effects (ie, ni-
fedipine or intravenous phentolamine) were ready at
hand. Volunteers were asked to report any adverse
events.

Safety

Urine was collected before drug treatment (placebo
or safinamide) and 0 to 6 hours, 6 to 12 hours, and 12 to
24 hours after dosing. Vital signs (blood pressure, heart
rate, respiratory rate, and body temperature), 12-lead
electrocardiograms, and laboratory tests were mea-
sured during the run-in period and at the end of the
study. Adverse events were recorded during the course
of the trial.

Statistical Analysis

Descriptive statistics (mean, standard deviation, co-
efficient of variation) were performed on PD30 values.
A comparison between PD30 values observed with ty-
ramine challenge after safinamide administration and
those observed after placebo treatment were performed
using the Student z-test and 1-way analysis of variance.

All statistical tests and comparisons were evaluated
at the 5% significance level (P <0.05) using STAT 100
version 1.2 (BioSoft USA).

RESULTS
Demographic Data

Demographic data of the volunteers are reported in
Table 1.
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TABLE 1. Volunteers’ demographic data and
treatment sequence

Subject Height, Weight, Body  Treatment
no. Gender Age,y cm kg frame sequence

1 M 22 177 81 Large P/SAF

2 M 24 178 70 Small P/SAF

3 M 23 170 62 Small P/SAF

4 M 33 165 60 Small P/SAF

5 M 27 180 82 Large P/SAF

6 M 33 174 80 Large P/SAF

7 M 25 175 72 Medium  P/SAF

8 M 27 170 70 Large P/SAF

M, male; P, placebo; SAF, safinamide.

Effect of Treatment Drugs on Systolic BP After
Intravenous Tyramine Administration

A dose-dependent increase of systolic BP was ob-
tained with successive injections of increasing doses of
tyramine. The planned 5.5-mg and 6.0-mg tyramine
doses were not administered because the results were
obtained with a maximum 5.0 mg in all subjects.

The PD30 obtained in the study were 4.1 + 0.82 mg
(mean + standard deviation, n = 8) and 4.3 £ 0.77 mg
(n = 8) after administration of placebo and safinamide
respectively.

Table 2 summarizes the single values obtained and
reports the means and standard deviations. Statistical
analysis (Student 7-test for paired data and 1-way analy-
sis of variance) showed that the slight difference be-
tween the PD30 value after placebo administration and
after safinamide administration is not significant.

Vital Signs

Vital signs were measured at screening and at the end
of the study. No abnormalities occurred as far as BP,
heart rate, body temperature, and respiratory rate were
concerned. In addition, electrocardiographic tracking
did not show any abnormality.

Adverse Events

No adverse events occurred during the study. Nor
were there any study discontinuations. No concurrent
medications were administered to the subjects.

DISCUSSION

Tyramine is an indirectly acting sympathomimetic
amine present in high concentrations in certain foods,

TABLE 2. Systolic BP results

V1 V2 V3 V4 V5 V6 V7 V8 *Mean (SD)

Placebo 40 45 55 32 45 43 3.0 35 4.1(0.8)
NW-1015 40 47 50 40 50 50 3.0 35 4.3 (0.8)

* mg of i.v. tyramine needed to raise BP by 30 mm Hg
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and it evokes its pharmacologic action by displacing
noradrenaline from intraneuronal stores, resulting in an
increase in BP.

The risk of hypertensive crises during therapy with
nonspecific MAO inhibitors or pure MAO A inhibitors
is a major drawback that restricts their therapeutic use.
Specific MAO B inhibitors have been reported to be
without this effect. However, selegiline, for which ex-
tensive clinical experience exists, has been reported to
have cardiovascular toxicity that includes hypertensive
paroxysms.'>!7 A role in this effect can be played by
those amphetaminelike metabolites found in notable
amounts during selegiline treatment.'®'? Moreover, in
contrast to the findings of the DATATOP study, oth-
ers have reported a greater mortality in parkinsonian
patients under selegiline treatment.>' One of the hy-
potheses advanced to explain this suspected increased
mortality relates to the higher incidence of cardiovas-
cular adverse events, including hypertensive reactions,
in selegiline treated versus L-dopa-treated patients.*?
Despite the failure to replicate the data of increased
mortality in the British study,** >* many European neu-
rologists refrain from widespread use of selegiline in
Parkinson disease.

Thus, it is important that any new MAO B inhibitor
be devoid of such a negative property. In this regard it
should be stressed that the selectivity of safinamide
compared with either selegiline or rasagiline is much
higher. In fact, the respective MAO A-to-MAO B ratios
are approximately 5000 for safinamide versus 127 for
selegiline and 103 for rasagiline.>*** In addition, sele-
giline and rasagiline are irreversible inhibitors. On the
other hand, safinamide is fully reversible, as demon-
strated by the absence of a time-dependent inhibition in
human platelets and the complete recovery of MAO B
activity after washing of the membrane. Because of
this, in case of an adverse event there is no need for
prolonged maintenance of the therapeutic remedies.

The results of this study showed that there are no
significant differences in the PD30 values after admin-
istration of placebo and safinamide, confirming the
specificity of safinamide’s MAO B inhibition, as seen
in previous trials. In human plasma, safinamide ED50
for MAO B inhibition has been calculated to be 87.5
pg/kg orally. Supramaximal inhibition of MAO B ac-
tivity in healthy volunteers was seen from single doses
equal to 0.6 mg/kg, which is definitely lower than the
dose tested in the current experiment. The reversible
MAO B inhibition of safinamide without effect on
MAO A activity should provide a significant increase
of both endogenously and exogenously supplied dopa-
mine. Ongoing studies in parkinsonian patients have
been designed to provide an answer to this hypothesis.

Safinamide at the dose of 2.0 mg/kg was well toler-
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ated throughout the study by all volunteers. No subjec-
tive complaints were reported and no abnormalities
were detected in the laboratory tests. A detailed analy-
sis of each volunteer’s response evidenced that to reach
the same BP elevation observed after placebo, 4 volun-
teers required a greater amount of tyramine (0.5 mg)
after safinamide, 3 required the same amount, and only
1 necessitated a lower amount (0.5 mg).

It can be concluded that no dietary restrictions con-
cerning tyramine-containing food have to be recom-
mended in future clinical trials or during routine
therapy with safinamide. The risk of association with
other drugs interfering with catecholamine levels and
their metabolism remains to be assessed in future clini-
cal studies.
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