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Abstract Selegiline (deprenyl), a selective, irreversible inhibitor of monoamine oxidase

type B (MAO-B) is widely used in the treatment of Parkinson’s disease. As the
first MAO-B inhibitor approved for the treatment of Parkinson’s disease, con-
cerns were raised about the safety of the drug based on the adverse effect prof
of older, nonselective MAO inhibitors. Unlike the nonselective MAO inhibitors,

selegiline does not significantly potentiate tyramine-induced hypertension (th
‘cheese effect’) at the dosages (5 to 10mg daily) used for the treatment of Parki
son’s disease. Selegiline has been well tolerated when given alone. The mq
frequent adverse events seen during monotherapy have been insomnia, nau:
benign cardiac arrhythmias, dizziness and headache. When combined with lev
dopa, selegiline can potentiate the typical adverse effects of levodopa, if the do
of levodopa is not reduced sufficiently. Thus, the most common adverse effec
associated with this combination are nausea, dizziness, fatigue, constipation &
insomnia. At the later stages of Parkinson’s disease when fluctuations in disabili
occur, peak dose dyskinesias, psychiatric complications like hallucinations ar
insomnia, and orthostatic hypotension are further potentiated by selegiline. Mo
tality was recently reported to be increased when selegiline and levodopa we
given together in comparison with treatment with levodopa alone, but a larg
meta-analysis of 5 long term studies and 4 separate studies did not support t
conclusion. Selegiline seems to be generally well tolerated in combination wit
other drugs. However, when pethidine (meperidine) has been given to patier
who are receiving selegiline therapy, severe adverse effects have been report
Thus, the concomitant use of these drugs is not recommended. A low tyramir
diet is recommended if selegiline is used together with nonselective MAO inhib
itors or the selective, reversible MAO-A inhibitor, moclobemide. Several advers
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effects have been reported when fluoxetine and selegiline have been used
gether. A recent survey revealed that the incidence of a true serotonin syndror
is, however, very low with this combination. Concomitant use of selegiline anc
other selective serotonin (5-hydroxytryptamine; 5-HT) reuptake inhibitors (SSRIs
like citalopram, which have generally less interactions than fluoxetine, seems
be well tolerated. Nevertheless, caution is advised when combining a SSRI or
tricyclic antidepressant and selegiline.

1. Clinical Experience trolled studies, of which 4 long term studfe'$!
Selegiline (deprenyl), a selective irreversiblehaOI asimilar design: the end-point was the need
inhibitor of monoamine (,)xidase type 1B (MAO-B) start levodopa therapy. The. Ia.rge.st study, U
' Deprenyl and Tocopherol Antioxidative Therap

is widely used in the treatment of Parkinson’s dis- . . .
ease. In Western Europe it was first registered iﬁ)f Parkinsonism (DATATOP) studfy included 800

the UK in 1982, later in Germany and France and)atients who were randomised to receive eith
other European countries; in the US the drug waselegiline, tocopherol (vitamin E), the combinatio
registered in 1989. Thus, there is over 10 years df these 2 drugs or placebo. The study show
clinical experience on the use of the drug in Parclearly that the progression of symptoms of Parki
kinson’s disease. In some centres, where early clirson’s disease was significantly slowed down ar
ical studies were carried out in the 1960s and 1970$e need to start levodopa therapy could be delay
there is actually 20 years’ experience of use of thisignificantly with selegiline. Similar results were
drug. The aim of this article is to review the avail-shown earlier by Myllyla et d#!! and Tetrud and

able data on the safety of selegiline in the treatmentangston® and later confirmed by a Swedist
of Parkinson’s disease, both when used alone in th@ulticentre studyt® As the symptomatic effect
early phase of the disease and in combination witfyas small in the study by Tetrud and Langdfon,

levodopa in more advanced stages of the diseasg.as proposed that selegiline would have a ber
The article will also review the issue of mortality,

as the matter was brought up by a recent gtddly. » , - _
Table I. Clinical studies on selegiline (deprenyl) monotherapy in the

early phase of Parkinson’s disease

2. Selegiline (Deprenyl) Monotherapy

Number of patients Duration of Reference
(selegiline/placebo) treatment

From the time of the seminal findings that selegil- :
ine could prevent parkinsonism caused by thgle ~ Openstudies

4-phenyl-1,2,3,6-tetrahydropyridine ~ (MPT¥) 22 szzmo E
many clinical studies were initiated to investigate 5 4 wks 13
the efficacy of the drug as monotherapy, especiallyso 60mo 5
studying whether the drug would slow down the 15 2mo 14
progression of the disease. 28 6-28mo 15
In the literature we found 16 clinical studies %7 2mo 16
where selegiline had been investigated as mon@ouble blind studies
therapy in the early phase of Parkinson’s diseas&?2 24mo 6
(table 1)/5-201 The duration of treatment varied from 39%/401 26mo 78
1 month to a number of years. Altogether, 919 paigig 222 1;
tients received selegiline in these studies. Some in; 4wks 19
vestigators reported data from patients who had;s 4-44mo 9
been receiving selegiline monotherapy for up to 6Qor10 6 wks 20
monthst® There were 8 double-blind, placebo con-81/76 1-43mo 10

00 Adis International Limited. All rights reserved. Drug Safety 1998 Jul; 19 (1)



Safety of Selegiline (Deprenyl) 13

ficial effect on disease progression (as suggestedablell.ToIerabiIityofseIegiIine (deprenyl) as monotherapy in Parkin-
by a vast number of animal studies where Selegil_son’s disease. The most common adverse events reported in double-

blind studies where detailed information was availablel®-9:19.18]

ine was shown to be protective also against oth\_.A pyr—" Nomber of patents 06)

toxins besides MPTP such as DSP-4, 6-hydroxy-

dopamine or AF64A¥2241 Furthermore, selegil- (Srfljglllelagt)e Fr:a:elb%)
ine showed neuronal rescue effects after a lesioninsomnia 20 (10.9) 12 (6.9)
like axotomy, toxin or ischaeml&27] Several  Pizziness 17.9:3) 10(58)
studies have suggested that selegiline induces thE::ZZi‘he ié((ig)) 13 Egg
release of nerve growth factors, anti-apoptotic pro-, que 3 (1:6) 70 420)
teins or enzymes that scavenge free radié&f8]  p noun 3(1.6) 4023)
In the DATATOP stud! and in the study by Anxiety 1(0.5) 7 (4.0)

Myllyla et al[?1] there was, however, a significant

symptomatic w_ash—in effect and a SigmﬁcamIevoamphetamine metabolites of the dRf.
wash-out effect in the DATATOP study showing atHowever, dopaminergic drugs like levod&sh

least partial symptomatic effect. The question of, 4 amantadine, reversible MAO-B inhibitors

neuroprotection remains, however, clinically un-¢,-h as lazabemide, which are not metabolised

solved as the presently available methods do nQkypamphetamine metabolité8) and antidepres-
allow a clear separation of symptomatic and neugant drugs can all cause insomnia. Thus, it is mc

roprotective effects. likely that insomnia during selegiline treatment i
In all studies where selegiline has been used agsgociated with enhanced dopaminergic tone th
monotherapy in the treatment of Parkinson’s disyith its levoamphetamine metabolites. Accordin
ease the dl’ug has been well tolerated if it is COMto e|ectroencepha|ogram studies of patients wi
pared with, for example, dopamine agonists. In theparkinson's disease, selegiline does not seem
DATATOP study®! the only adverse events that affect the structure of sleep in these patients, t
were more frequent in patients receiving eithermay actually improve the quality of sleBp.
selegiline or a combination of selegiline and to-  Another way to delay initiation of levodopa is
copherol were nausea (206 0.02% in selegiline to combine selegiline and a dopamine agonis
recipients and non-recipients of selegiline, respecThere are, however, very few studies using th
tively), musculoskeletal injuries (7.3%s 2.7%) combination in the early phase of Parkinson’s di
and benign cardiac arrhythmias (280.2%). As-  easd37-381One study showed that the dose of lisu
partate aminotransferase levels were slightlyide could be reduced by combining it with selegi
higher in the selegiline group (7963.2%). When  inel3”] The combination of lisuride and selegiline
combining the adverse event data from the longvas well tolerated.
term studies with more detailed data available from
double-blind studid%910.18.33lthe most common
adverse events were insomnia, dizziness, nausea
and headache (see table Il). There were no statisti-
cally significant differences between the selegiline  we have recently written a comprehensive re
and placebo groups. Inthe DATATOP stlftiihere  view on the efficacy of selegiline in combinatior
were no significant differences in the occurrencewith levodopa in various stages of Parkinson’s di
of insomnia between the selegiline and placebaasd3®! There were 10 open and 8 double-blin
groups. studies of the early combination of selegiline an
It has been suggested that insomnia and th&evodopa. In these studies levodopa was eith
alerting effect sometimes reported by the patientadded to the pre-existing selegiline monotheraj
during selegiline treatment are associated with th@r the placebo group when the severity of sym

3. Early Combination of Selegiline
and Levodopa

00 Adis International Limited. All rights reserved. Drug Safety 1998 Jul; 19 (1)
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toms so warranted or therapy was initially starteddopa group than in the levodopa plus place
with the combination of levodopa and selegiline group in 1 of the studid$” Most of these adverse
(or placebo). In all these studies the dose of levoevents causing withdrawals were hallucination
dopa could be maintained at a significantly lowerCases have been described in the literature wh
level without compromising the clinical efficacy of psychiatric adverse events like hypomania or pa
levodopa in patients receiving selegiline comparechoia have persisted even after a considerable rec
with those not receiving selegiline. In two double- tion in the levodopa dose with continued selegilir
blind studie§®4!there was a tendency for the time treatmenf45-471In these cases it has been sugges!
that fluctuations in disability occurred to be de- that treatment should be discontinued and slow
layed in the selegiline groups compared with pla-reintroduced, starting with 2.5mg of selegilin
cebo groups, although the differences did not reacliaily and increasing the dose up to 10mg daily o\
statistical significance. In two open studi®s!®l 3 period of 10 to 15 days.

one of which was retrospectil®] no such tenden-  The incidence of orthostatic hypotension did n
cies were reported. As the progression of the disdiffer significantly between the selegiline plu:
ease was compensated for by increasing the dailjayodopa groups and the levodopa plus place
levodopa dose and administration frequency, nroups in the 2 studies when orthostatic hypote
differences were seen in clinical disability in any sion was measured by the conventional method
of the studies. In the Sinemet-Deprenyl-Parlodelhaving the patient first lie down for 5 minutes an
(SINDEPAR) study?! patients were randomised then stand up. However, when the tilt table test w
to receive either levodopa or bromocriptine inysed the mean values for blood pressure becs
combination with either selegiline or placebB.  significantly lower in the selegiline group over th
The patients received these medications for 1% years of follow-ug?® Selegiline also diminished
months. This was followed by a wash-out period ofthe heart rate responses to normal breathing
2 months when they did not receive either selegily/aisalva manoeuvre, but did not affect heart r
ine or placebo. After this wash-out period, all a”ti'response to deep breathing in the same study. °
parkinsonian medication was stopped for 1 weekgthors concluded that selegiline might have

The disability of those patients who had not ré-sympatholytic effect similar to that induced py
ceived selegiline progressed significantly faster
than that of patients who had received selegiline.

This studv suggests that seleailine could SIOWTalblelll. The most common adverse events with the combination
y g9 g of selegiline (deprenyl) plus levodopa or placebo plus levo-

down the progression of Parkinson’s disease whemopa®“o41

it is given together with levodopa or a dopamine Adverse event Number of patients

agonist. selegiline + placebo +

In general, the combination of selegiline and '(f]"f‘;%‘;a '(i"fdl‘(’g
levodopa seems to be relatively well tolerated Vergomizziness 20 22
Combining the available safety data from 2 double-Nausea 18 13
blind studied?041l the most common adverse Insomnia 17 16
events seen with the combination were nausea, diz=atigue 17 15
ziness, fatigue, constipation and insomnia (tablePepression 13 19
). These adverse events were also common i o> P2 . 13 1
i L. Orthostatic hypotension 11 11
patients receiving levodopa plus placebo and NGy mouth o 1
significant differences in incidences of these ad-syeating 8 9
verse events were seen between either patieraiucinations 8 3
group. There were, however, more withdrawals be-Musculoskeletal system disorders 6 12
4 4

cause of adverse events in the selegiline plus levaEaPpitations

00 Adis International Limited. All rights reserved. Drug Safety 1998 Jul; 19 (1)
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blockers. The heart rate tended to be higher in théension, vivid dreams and insomnia (see tab
selegiline group, possibly as a compensation foiV).[58] These adverse events are dopaminerg
the subclinical orthostatic hypotensiéfl. Hypo-  and there are usually no significant increase in th
tension is a usual symptom in Parkinson’s diseas@ncidence if the levodopa dose has been adjust
especially in patients with autonomic dysfunc- properly!>® In 1 study, comparing the addition of
tion* and is a common adverse effect of levo-selegiline or bromocriptine to the regimens of p:
dopal**5% dopamine agonist8!52l MAO inhibi-  tients already receiving levodopa, selegiline a
tors and tricyclic antidepressaritd.Pargyline, an  peared to be better tolerated than bromocriptine
irreversible MAO inhibitor which is chemically the treatment of patients with fluctuating dis
very similar to selegiline, has been used as a medrgsd6ol

ication for hypertensiok# Thus, the orthostatic Activation of a pre-existing gastric ul¢®62
hypotension caused by selegiline is likely to beand urinary disturbancéd have been reported in
partly caused by inhibition of MAO-B and partly some patients who had selegiline added to th
caused by potentiation of the effect of levodopa. Ifieyodopa regimen. Laboratory values for haem
patients have orthostatic symptoms already beforgp|ogical parameters and liver and renal functic
starting selegiline, it is probable that the hypoten+ests have been followed in many clinical studie
sion will get worse when selegiline is added to theifthat have assessed the combination of selegil

treatment regimen. and levodop4%-41.64-68land these values have usu
ally remained within normal limits. In some stud

4. Selegiline in Combination with ies, slight increases in serum liver enzyme leve
Levodopa in Fluctuating (up to 3 times the normal limits in some patient:
Parkinson’s Disease have been reported with combined levodopa a

seleigiline therap®! but usually the values have

There is a multitude of clinical studies assessingOeen well within the normal range of the referen
the efficacy and safety of selegiline in patients W'thpopulation. Hyperglycaemia has been reported

fluctuations in disability in later stages of Parkin- only a few patients during selegiline treatméft.

S?n; dlgealsz.. In cijr recentr:e\??%,vve fountdh42 On the other hand, hypoglycaemia has also be
studies including 14 open short ters@ months), reported/% but the prevalence of hyper- or hypo

12 open long term (over 6 months) and 16 double- ; : .
. . ent would see
blind, placebo controlled studi€$! In these stud- glycaemia during selegiline treatment wou

ies selegiline was added to an existing levodo :Elo be low in clinical studies and few advers
9 9 Pavent reports of hyper- or hypoglycaemia hav

regimen. In most of these studies the addition of
selegiline alleviated the main symptoms of the dis-

ease, ie. tremor, rigidity and bradykinesia_ A|SO’TabIe IV. The most common adverse events of the selegiline
the Severity and frequency of motor fluctuations (deprenyl) and levodopa combination. Summary of data from 21

; . * clinical studies (n = 971 patients; most of whom had fluctuations in
especially of end-of-dose type fluctuations could disability)se!

be reduced. In some studies where the reduction iRdverse events Number of patients
levodopa dose was the main efficacy criteria, the ()
reduction in levodopa dose was significantly ncreased dyskinesias 19 (122)
greater in the selegiline group than in the placebd*2 s 64(6.6)
group[55-57] Dlzzme_ss 48 (4.9)
. i Confusion 38(3.9)
The most common adverse events in patients,yoension 35 (3.6)
with fluctuating Parkinson’s disease who were re-isomnia, vivid dreams 33 (3.4)
ceiving combined treatment with levodopa and anxiety 33 (3.4)
selegiline were an increase of dyskinesias followedHallucinations 30(3.1)
by nausea, dizziness, confusion, orthostatic hypqPry mouth 262.7)

00 Adis International Limited. All rights reserved. Drug Safety 1998 Jul; 19 (1)
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been received by the manufactubér.Selegiline early Parkinson’s disease were randomised to
may aggravate pre-existing cardiac arrhyth-ceive levodopa, selegiline or a dopamine ag
mias!’Y but generally cardiac arrhythmias do not nist[’”] Levodopa was added to the 2 latter grou
seem to be more frequent in patients receiving thevhen clinically necessary. There was no differen
combination of levodopa and selegiline than in pa+in the mortality rates between the 3 groups aftel
tients receiving levodopa alone. years of follow-up. Di Rocco et HBl analysed ret-
The combination of selegiline and dopaminerospectively 176 patients treated with either lev
agonists is relatively well tolerated by patientsdopa or the combination of selegiline and leve
in the later stages of Parkinson’s disease. Howevegopa. Again, there were no differences in mortali
selegiline may potentiate the adverse reactiongetween the 2 groups. The Parkinson Study Gra
of some dopamine agonists, e.g. piribedil, if theanalysed mortality in the patient population of tr
dosage of the dopaminergic medication is not repaATATOPI79! study, when the majority of patient:
duced sufficiently?’?l Because selegiline is meta- \yere receiving levodopa with or without selegil
bolised to levomethamphetamine (I-MA) and levo- e After a follow-up time of 8.2 years, there wer
amphetamine (I-A)/® during the early days of the 4 sjgnificant differences between those treat
agent's development there was concern that addicgith or without selegiline; the overall mortality
tion might occur with selegiline use. The preclini- 45 17.19. Furthermore, Fuell eti®l. analysed
calfindings, however, show that|-Ais clearly alessy,o qatabase of clinical studies carried out wi

po';ent C[37|A\1|7SS]S|tImL|J_|QHt lthe_tnlthehcorrﬁspont():ilng dex'ropinirole, a novel dopamine agonist. Among 21¢
trotorm.!In clinical trials there have been no patients treated with ropinirole there were le:

signs of addiction during selegllmg treatment of yo 41k in patients taking selegiline than in patiel

withdrawal effects after treatment d|scont|nuat|on.not taking selegiline. On the other hand, these st

N ) ies could not confirm the finding of Birkmeyer e

5. Selegiline and Mortality al[81 that selegiline enhanced survival when give
together with levodopa.

A report by Lees et &l suggested that com-
P y 99 _ The group of Lees et 8.recently published a

bined therapy with levodopa and selegiline was as - X
sociated with increased mortality compared withllow-up report of their stud§! with a mean fol-
treatment with levodopa alone. They reported thatoW-Up time of 6.8 years. There was no significa
after 5.6 years of treatment, approximately agygdifference in mortality ra_t_e between_the levodoy
patients treated with selegiline and levodopa had@nd levodopa plus selegiline groups in terms of f
died compared with 17% of patients treated withtients who had died since the last interim analy:
|evod0pa alone. The risk ratio was 1.57 [95% Con_\NaS performed al’ld the I’iSk I’atiO was 1.05. Nelth
fidence intervals (Cl) 1.09 to 2.3, p = 0.015]. Thesewere there differences between the groups in ter
results contrast with the results of a meta-analysi@f mortality in those patients who had bee
of 5 long term, randomised studies, where the mortandomised from the bromocriptine group to eith
tality rate was found to be 4.7% (14/297 patients)evodopa or the combination group. Analysis
in patients treated with levodopa and selegiline andnortality in those patients who had actually re
5.8% (17/292) in patients treated with levodéjsh.  ceived the randomised treatment (on-treatme
The risk ratio was 1.05 (95% CI 0.46 to 2.43, p =analysis) did not reveal any significant increase
0.91) and the ratio adjusted to baseline factors (agénortality rate. Only when all patients were in
gender and severity of disease was 0.90 (95% GCtluded in the analysis (without making any corre
0.381t02.17, p = 0.82). tion for multiple interim analysis) was the increas
Additional studies did not find an increase in in mortality rate significant, but the risk ratio (ad
mortality rate associated with selegiline use eitherjusted for baseline factors) had decreased since
In an Italian multicentre study, 475 patients with previous analyses to 1.30 (95% CI 0.99 to 1.7:

00 Adis International Limited. All rights reserved. Drug Safety 1998 Jul; 19 (1)
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We believe that something particular must haveramine. Tyramine is an indirectly acting sympathc
happened at around 2.5 years into the study as thmimetic amine which evokes its pharmacologic:
mortality curves of the 2 groups before and afteraction by releasing intraneuronal noradrenalir
this point are paralle?! (norepinephrine3! It is normally rapidly metabo-
One of the problems with the study was the factised by MAO-A or -B and dopaming-hydroxyl-
that the patients were allowed to be rerandomisedse. Tyramine is present in relatively large quan
to another group after the original randomisation.ties (200 to 1000 mg/kg) in fermented and age
In addition, a large proportion of patients werefood like cheese, salami and yeast extr&ts.
switched from one group to another during thewhen the nonselective MAO inhibitors were use
study because of withdrawal from treatment, etCfor the treatment of depression the patients son
The analysis of patients’ survival was, however,times developed hypertensive periods as tyrami
based on the original randomisation of the patientsaccumulated resulting in the release of exce
although the investigators did not often know whatymounts of noradrenalif®! Similarly, when non-
medication the patients had been taking befor&ejective MAO inhibitors and levodopa were con

death. Information on death was based on patiengineq, increases of blood pressure were rep8ided.
records flagged from the UK National Health Ser-|,, animal experiments it was shown that unlike, fc

vice Central Register, not on the information Ob'example, clorgiline, the selective MAO-A inhibi-

tained from the investigators. These problems N, gejegiline did not potentiate the effects of tyr:
design and lack of individual patient data may ©Xmine, but actually diminished thef! In humans,

h dv of L 8 and the other | "he 10 mg/day oral dose of selegiline that is usua
tteds_tu 3|/t0| eesﬂett 'tﬁn d'tcf'e cl)tt er ongdtertmk used in the treatment of Parkinson’s disease dc
studies. Tt also refiects the diicullies in undertak-, i 5 se significant potentiation of tyramine sel

ing reliable survival studies in a disease which is

roaressive. where medication mav change mar]sitivity.[88'901 This is most likely because of the se
brog ] ay 9 Yectivity of inhibition caused by selegiline: MAO-
times during the course of the disease and oth

. % is inhibited almost totally, but MAO-A in, for
concurrent diseases may appear.

Churchyard et 482 suggested later that selegil- example, the intestines and liver, is active and al

ine could be cardiotoxic after finding that the drug:;on r::]itraegzlésﬁ] tglrci;?jln?é;-shueresZ?tzlrtli\gga?;r:zgo
caused orthostatic hypotension in a tilt test. This_ . b o
mine challenge was less after 10mg of selegilil

study was not randomised, there was an unequ ; .
Y q than after 400mg of moclobemide, a reversib

number of patients in the 2 groups (9 in the levo
" pat ! groups (9| v O-Ainhibitor used for the treatment of depres

dopa group and 16 in the selegiline plus Ievodop:y_IA

o . .
group) and the patients were selected for participas'on'[ ! Hypertension has been reported in ver

tion. As noted in section 3, selegiline may causd€W Patients receiving selegiline therapy and tf
orthostatic hypotensiof®l in the same way as causal relationship has not been very dRr.

other dopaminergic ager®s! but this does not However, at higher oral dosages20 mg/day)
mean that the drug is cardiotoxic. selegiline starts to lose its selectivity and tyramir

sensitivity is enhancel@ Therefore, when high
dosages of selegiline are used, for example, in
treatment of depression or narcolepsy, a diet low
Only a few interactions between selegiline andtyramine is recommended and, in this way, the hi
other drugs have been described. In the early daydosage is well toleraté®*3 In a study where
of the development of selegiline, one of the mosiselegiline 10 to 40 mg/day was given to 17 patier
important questions needed to be investigated wawith narcolepsy, the most common adverse evel
whether selegiline would cause the so calledwvere dry mouth, headache, insomnia, sweatir
‘cheese effect’, which is related to ingestion of ty-muscle twitching, dizziness, irritability, restless

6. Interactions with Other Compounds
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ness, tremor and visual disturban@8éklf selegil-  pression. A great number of interactions have be
ine is combined with a selective, even reversibledescribed with fluoxetine with various drugs po¢
MAO-A inhibitor, like moclobemide, potentiation sibly caused by competition at the level of metab
of tyramine sensitivity has been descril88das lism. These drugs include tricyclic antidepressar
both types of MAO are inhibited. Although the (TCAs), nonselective MAO inhibitors, antipsy
combination has been reported to be well toleratedghotics, benzodiazepines, carbamazepine, phe
a tyramine low diet is, nevertheless, advisable, asoin, lithium, some3-blockers, antihistamines anc
is the case if a reversible MAO-B inhibitor, like opioids!'91-103] Some instances of an interactio
lazabemide, and moclobemide are combifi€d. between selegiline and fluoxetine have been ¢
On the contrary, severe orthostatic hypotension hascribed. The adverse effects seen have included
been reported when selegiline and a nonselectiviation, ataxia, hypertension, mania, tachycardi
MAOQ inhibitor have been combind®¥! With this  sweating and shivef&/:58.104-106lSome instances
combination there is again a risk of the cheese efef interactions between selegiline and other SSR
fect, especially as the inhibition of MAO-A is also for example sertraline and paroxetiiehave also
irreversible. been described. On the other hand, instances
Pethidine (mependine) is contraindicated insuccessful concomitant use of selegiline ai
combination with MAO inhibitors because of re- fluoxetine or other SSRIs without significant inter
ports of serious, sometimes fatal interactions. Al-actions have been report@gf108]
though animal studies have shown no interaction There have also been some reports of inter:
between selegiline and pethidilieé?”! agitation, tions when selegiline and TCAs have been giv
delirium, irritability, hyperpyrexia, restlessness, ri- togethef8 The adverse events seen as a result
gidity, stupor and sweing were reported in one these interaction have included tremor, agitatic
patient who was concomitantly taking selegiline, restlessness, hyper/hypotension, dizziness, ¢
pethidine, a dopamine agonist and a noradrenalineures and changes in behavioural and mental ¢
uptake inhibitof%8! In addition, various other serious, tus. In one case, hypertension was reported wi
even lethal, adverse events, such as confusion, hypeselegiline was given together with maprotiline
thermia, tremor, hypertension, seizures and comdgvodopa, lisuride, theophylline and ephedil
have been reported when using selegiline together It has been suggested that the interaction |
with pethidinel®] The interaction between pethid- tween selegiline and SSRIs and TCAs would f
ine and MAO-inhibitors has been associated withunder the definition of ‘serotonin syndrome’
elevation of hypothalamic serotonin (5-hydroxy- which according to SternbaéH! should include at
tryptamine; 5-HT) levels and is thus more likely to least 3 of the following: mental status chang
take place with MAO-A inhibitors, and especially (confusion, hypomania), agitation, myoclonu:
if both forms of MAO are inhibite®®! Although  hyper-reflexia, diaphoresis, shivering, tremor, d
some inhibition of MAO-A activity takes place arrhoea, inco-ordination and fever. In additior
during selegiline therapy with 10 mg/day dosage,other causes have to be ruled out and an antip
this is not enough to increase the brain serotonirchotic drug should not have been started or the d
levels as shown in a post mortem stl@lInhibi-  age of one increased before the onset of the si
tion of N-demethylation of pethidine has also beenand symptoms. Richard et#! investigated the
suggested to account for the interaction. Howeverpccurrence of the serotonin syndrome among 45
the mechanism of the interaction is not well under{patients who were treated with the combination
stood and the concomitant use of selegiline andelegiline and antidepressants. The frequency c
pethidine should be avoided. possible serotonin syndrome was extremely Ic
Fluoxetine is a selective serotonin reuptake in{0.24%) and the frequency of serious symptor
hibitor (SSRI) widely used in the treatment of de-was even lower (0.04%). They also analysed

00 Adis International Limited. All rights reserved. Drug Safety 1998 Jul; 19 (1)



Safety of Selegiline (Deprenyl) 19

cases reported to the US Food and Drug Adminisfrom day 11 to 14. There were no pharmacod
tration (FDA) as a possible interactions betweemamic or pharmacokinetic interactions betwee
selegiline and antidepressants and only 2 cases sa&elegiline and citalopram. This is in line with th
isfied the criteria of serotonin syndrome. Often thefact that there have been no interaction reports s
adverse events seen could be explained by the atb the manufacturer (Orion Corporation) on thi
verse event profile of either selegiline and levo-combination, although citalopram is a widely use
dopa or by the antidepressants. Thus, the sympntidepressant drug in Europe. Furthermore, the
toms were more likely to be a sum effect of theare some reports that fluoxetine might actual
adverse effects of 2 drugs than a true interactionworsen the motor symptoms in Parkinson’s disea
On the other hand, serotonin syndrome fulfilling O induce parkinsonian features in patients wi
the Sternbach criteria has been described in a p&oncomitant depression possibly because of

tient who received a combination of levodopa and@ntidopaminergic effect§??117.118]

bromocriptine, but not selegiline or an antidepres- Nevertheless, one should be cautious wh
santl112 Yu and Zwei 13! performed a retrospec- combining s.eleglllne with an'udepressant drug
tive analysis of patients who had been taking2Nd the patient should be monitored carefull
selegiline and an antidepressant drug. Of 11 paWhen selecting the antidepressant, it is advisal
tients treated with selegiline and an SSRI, 10 bent© choose drugs that generally have shown to cal

efited from the combination; adverse events in-€SS interactions.
cluded increased tremor and hallucinations. Of 28

patients treated with selegiline and a TCA, 17 def- 7. Conclusions
initely and 6 possibly benefited from the combina-

tion. Adverse events were minor and included con- There is clinical experience with selegiline
o ) S since the 1960s. Overall, the number of patier
stipation, bodyweight gain, increased tremo

. . _ "'that have been involved in published clinical stuc
worsening of .O.rthOStat'C hypotension and fluctua-ies assessing the efficacy and safety of selegili
tions in disability. in the treatment of Parkinson’s disease is ov

It is probgple that many pf the interactions be-4000' As monotherapy in the early phase of t
tween selegiline and fluoxetine and other drugs argjisease, selegiline is well tolerated, adverse effe

caused by interference of metabolism of the drugs;;e miid and mostly dopaminergic. When com
in the liver. Fluoxetine inhibits, at least to some pined with levodopa, the dopaminergic adverse e
degree, the cytochrome P450 (CYP) isoenzymesects (dizziness, dyskinesias, orthostatic hypote
CYP1A2, CYP2C19, CYP2D6, CYP2C9 and gjon, nausea, hallucination and insomnia) caus
CYP3A3/414 There are differences in the ability by |evodopa may be potentiated by selegiline, b
of various SSRIs to inhibit different P450 isoen- these adverse effects can usua”y be managed
zymes. Thus CYP2DG6, for example, is inhibited, reducing the dosage of levodopa. One recent stu
in order of potency, by paroxetine, norfluoxetine syggested an increase in mortality associated w
(a metabolite of fluoxetine), fluoxetine, sertraline, the combination of selegiline and levodopa in con
citalopram and fluvoxamin@!®! Fluoxetine has parison with treatment with levodopa alone, but 1
also been shown to be a weak competitive inhibitobther studies did not support this finding. It i
of MAO-A, which may further contribute to inter- therefore probable that selegiline does not incree
actions. mortality and that the earlier findings were a rest
Laine et al!16l performed a detailed interaction of problems in study desigh-!
study on the combination of selegiline and In general, selegiline has been relatively we
citalopram. Healthy volunteers were randomised tdolerated when given in combination with othe
receive either citalopram 20 mg/day or placebo fordrugs. The combination of pethidine and selegilir
14 days and selegiline was added to both groupshould, however, be avoided. Caution should |
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taken when combining SSRIs or TCAs with selegil- 18

ine, as some severe adverse effects have occurred
with these combinations.
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