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ABSTRACT : Cigarette smoking is known to suppress both 1-methyl-4-phenyl-1,2,3,6-tetrahydropy-
ridine (MPTP)-induced parkinsonism and idiopathic Parkinson’s disease (PD). However, the precise
mechanism underlying its protective action against PD is not clearly elucidated yet. In order to find
possible clue on the mechanism of protective action of smoking, we investigated the inhibitory effect
of cigarette smoke components on rat brain mitochondrial monoamine oxidase B (MAQO-B), respon-
sible enzyme for the activation of MPTP to its toxic metabolites, and identified the components ha-
ving an inhibitory potency on this enzyme from cigarette smoke. Total 31 eligible constituents inclu-
ding nicotine were selected from cigarette simoke condensates via solvents partitioning and silica gel
chromatographic separation, and inhibitory potencies of 19 components on MAO-B were determined.
Hydroquinone and methylcatechol, the phenolic components, showed the strongest inhibitory potencies
on MAO-B activity in the components tested, 34-Dihydroxyhenzylamine, myosmine and indole in
basic fracton, eugenol in phenolic fraction, and farnesol in neutral fraction also inhibited the €nzyme
activity dose-dependently. Among tobacco alkaloids tested only myosmine was effective for the inhibi-
tion of this enzyme. These results suggest that the decrease in MAO-B activity by such components
derived from cigarette smoke seems to be related to the suppression of MPTP-induced neurotoxicity
and to the less incidence of Parkinson’s disease in smokers than in nonsmokers.
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Idiopathic Parkinson's disease (PD) is a typical
neurodegenerative disease associated with a massive
degeneration of dopaminergic nigrostriatal neurons.
When approximately 60 to 80 percent of the dop-
amine producing neurons of substantia nigra are
lost, the extrapyramidal system is no longer able
to effectively promote movement and the symptoms
of PD appear. This neuronal disease shows the
clinical features of resting tremor, slowness of
movement, rigidity, and postural instability. Unfor-
tunately, etiology of the disease is not clearly
elucidated and effective medicines for the treatment

of patients with PD are limited yet. Interestingly,
PD has been reported to occur more commonly in
non-smokers than in cigarette smokers (Shahi et
al, 1991; Grandinetti et al, 1994; Heller et al.,
1995). It has been observed that prevalence of PD
in the smokers is in an inverse proportion to not
only smoking duration but also the number of
cigarette smoked daily (Grandinetti et al., 1994).
This negative association between smoking and
PD has long been interested and led many investi-
gators to suggest that some facet of cigarette
smoking exerts a neuroprotective influence. Eluci-
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dation of the possible association of smoking with
apparent protection on development of PD may
contribute to understanding of the pathogenetic
mechanism of this disease.

1-Methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MP
TP), a neurotoxin, causes a syndrome of dopamine
depletion in animal and human. Because this synd-
rome is very similar to that of idiopathic PD, it
has been proposed that some environmental neuro-
toxins may be responsible for the incidence of PD
(Langston, 1987). MPTP itself is not neurotoxic,
but is converted to one or more toxic metabolites
by mitochondrial monoamine oxidase B (MAQ-B).
Since MAO-B inhibitors such as deprenyl are
capable of antagonizing the degenerative process
induced by neurotoxic mechanism, it has been su-
ggested that administration of these drugs during
an early phase of parkinsonian symptom may slow
down the progression of motor deficits and block
the neurotoxic effect of MPTP (Poli et al., 1990;
The Parkinson Study Group, 1990). MAO-B is,
therefore, considered to play at least as a part in
the pathophysiology of PD.

Previous studies have shown that menoamine
oxidase activity was found to be reduced by a
solution of cigarette smoke and relatively lowered
in platelets from smokers (Yu and Boulton, 1987;
Boulton ef al, 1988). Recently, Fowler and his
colleagues (Fowler et al,, 1996) demonstrated that
MAO-B activity is also significantly low in the
brains of smokers than in nonsmokers. In previous
study, we demonstrated that cigarette smoke expo-
sure suppresses MPTP-induced neurotoxicity and
inhibits the activity of MAQ-B in mouse brain
(Lim et al, 1996; Moon et al, 1997). All these
results from the current studies suggest that
decrease in the activity of this enzyme may be
related to the protective action of cigarette smoking
on PD.

We hypothesized that the protective effect of
smoking against PD development would probably
be involved in the inhibition of MAQ-B activity
and that some components derived from cigarette
smoke may function or act as inhibitors. Cigarette
smoke contains numerous components more than
3,800 chemical components, including nicotine, car-
hon monoxide, and others. Except for nicotine, ho-
wever, the biological or neuropharmacological impli-

cations of these agents were not well described so
far. Therefore, in this study, we investigated the
inhibitory potency of 4 fractions of cigarette smoke
condensates fractionated by pH control and by
solvent partitioning methods on MAO-B activity,
identified smoke components having a potential for
the inhibition of the enzyme from the four frac-
tions, and evaluated their inhibitory potencies using
authentic compounds.

MATERIALS AND METHODS

Chemicals. Chemicals such as nicotine, cotinine,
epinephrine, norepinephrine and thiocyanate were
obtained from Sigma Chemicals Co (St Louis, MO,
USA). Hydroquinone, indol, farnesol, and vanillin
were purchased from Aldrich Chemicals (Milwaukee,
WI, USA). Other chemicals used in this experiment
were of reagent grade quality.

MAO-B assay. Brain mitochondrial MAO-B of
rat was used for the screening of inhibitory potency
of the components identified from cigarette smoke
condensates (CSC). The enzyme activity was
assayed by the method of Kalaria et al(1987). A
suitable amount of smoke components ranging
from 25 to 100 ug per ml was preincubated with
the reaction mixture for 5 min at 37 °C prior to
start the reaction. Data were expressed as mean
of three repeated assays.

Total MAQ assay. Total activity of monoamine
oxidase (MAO-T) was fluorometrically assayed in
mitochondrial fractions of rat brain based on the
direct measurement (Morinan and Garratt, 1985) of
the intensity of 4-hydroxyquinoline produced using
kynuramine as a substrate with some modifications
(Lim et al. 1996). A suitable amount of smoke co-
mponents ranging from 25 to 100 ug per ml was
preincubated with the reaction mixture for 5 min
at 37°C prior to start the reaction. Data were exp-
ressed as mean of three repeated assays.

Isolation of cigarette smoke components. To
identify components which have an inhibitory po-
tency against MAQ-B activity, we selected candi-
date components from CSC using the following pro-
cedures. Smokes from 1,500 filter cigarettes were
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collected on cambridge filter pad using a smoking
machine (Heiner Borgwaldt, Germany). CSC was
prepared by extracting the filter pads with methanol
and was further fractionated to acidic, basic, neu-
tral, and phenolic fractions by pH contro} of the
extract and by solvent partitioning (Murase et al.,
1994). The neutral fraction (3.76 g) was applied
onto a silica gel column (4.5 x 25 ¢cm) and eluted
by solvents with a polarity gradient described in
figure legends. Fractions containing a potential for
MAQ-B inhibition were pooled after the screening
of their inhibitory potency and components in the
active fractions were further fractionated via the
2nd silica gel chromatography (1.5 x 11 cm) with
different mobile phases. Then the components in
the active fractions were identified by GC-MS sp-
ectroscopy.

Components in acidic, basic, and phenolic frac-
tions were also further fractionated using a similar
manner to that conducted for the neutral fraction
with different eluents and candidate components
were also identified by GC-MS. Inhibitory potencies
of all the components identified on MAO-B were
determined using their synthetic compounds obtained
from commercial sources.

RESULTS

CSC is a complex mixture containing numerous
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Fig. 1. The flow chart for the fractionation of CSC

chemical components. Therefore, it was fractionated
to four bulk groups including acidic, basic, neutral,
and phenolic fractions (Fig. 1). Table 1 shows the
fractionation vield of CSC and their inhibitory po-
tencies on MAO-B activity. Neutral fraction was
the highest in yield, but basic and phenolic fractons
were relatively low, in the four fractions. All the
four fractions had the inhibitory potencies on
MAO-B activity in vitro, that is, when preincubated
in the presence of CSC fractions, the activity of
rat brain MAO-B was remarkably reduced. The
inhibitory potency was the strongest in basic frac-
tions and the following order was neutral>acidic>

1 2 a4 7T 10 12 16 22 27. 30 &1 46
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Fig. 2. Thin Layer Chromatography of the ne-
utral fraction of CS5C separated from silica gel
column chromatography. Sample fraction was ad-
sorbed to the silica gel in the presence of eth-
vlacetate/hexane (1:5) and was dried hefore lo-
ading to the column. Sample-adsorbed silica gel
was loaded on the column (4.5x25cm) prepacked
with silica gel in the presence of ethylacetate/
hexane (1:5). Four kinds of solvent systems, 1.
ethylacetate/hexane (1:5), II. ethylacetate/hexane
(1:2), I ethylacetate/hexane (1:1), and IV. eth-
vlacetate, were eluted by discontinuous polarity
gradient. TLC spots of fractions (upper) and
their inhibitory potency on MAO-B (bottom)
were expressed.
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Table 1. Inhibitory potency of smoke components in each fraction of CSC on MAO-B

Fractions Yield(g) Inbibitory potency(%)
Acidic 1.17 29.8
Basic 0.63 77.3
Neutral 3.76 42.6
Phenolic 0.66 23.5

Amount of each fraction was received from smoke generated from 1,500 filter cigarettes by automatic smoking
machine. The smoke components(25ug/ml) were preincubated with the reaction mixture for 5 min at 37°C.

phenolic fraction.

We further fractionated smoke components from
each of the four fractions of CSC through silica
gel chromatography with various mobile phases. In
this paper, only a fractionation profile for the ne-
utral fraction was described in detail (Figs. 2 and
3). Fig. 2 shows thin layer chromatography (TLC)
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pattern of fractions obtained from the Ist chro-
matography of the neutral fraction and their inhi-
bitory potencies on MAO-B activity, It shows that,
when compared with others, components corres-
ponding to peak II (fraction numbers 5-8) and peak
Il (fraction numbers 9-11) which were eluted in
ethylacetate/hexane (1:2) system had relatively high
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Fig. 3. The inhibitory potencies on MAO-B activity of the new fractions separated from peaks II and III
using the 2nd silica gel column chromatography and total ion current (TIC) profiles of components in the
peak fractions (asterisked) having the strongest inhibitory potency. Peaks II and III were obtained from
the st silica gel column chromatography of neutral fraction of CSC. Candidate components were identified
from these profiles by library of the chemicals., Peaks I Solanone, @; A -Damascenone, 3 Gerany) ace-
tone I, @ 6,10,14-Trimethyl-2-pentadecanone, ©; Farnesol, ©; 2,3-Butanediol, 7 Caryophyllene.
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inhibitory potentials against MAO-B activity. The-
refore, each of the fractions corresponding to peaks
Il and Il was applied to the 2nd silica gel column
chromatography to further fractionate more specific
components using more polar solvent systems.

Fig. 3 shows the inhibitory potencies on MAO-B
activity of the new fractions separated from peaks
Il and II (Fig. 2) using the 2nd silica gel column
chromatography and total ion current (TIC) profiles
of components in the peak fractions (asterisked)
having the strongest inhibitory potency. We finally
identified 6 components including 2,3-butanediol,
famesol, and solanone as candidate components for
MAQ-B inhibitor from GC/MS analysis. Based on
GC-MS analysis of other CSC fractions, we also
selected 3 components from acidic, 9 from basic,
and 13 from phenolic fraction, respectively (Tables
2 and 3).

Table 2 shows the inhibitory potency of the
components isolated from neutral and acidic fra-
ctions of CSC on MAQ-B activity. In the neutral
fraction, only farmesol among the components tested
greatly suppressed MAO-B activity. 2,3-Butanediol,
B -damascenone, and solanone were not shown any
inhibitory potencies on the enzyme activity at all,

In acidic fraction, dibutylphthalate and diethylph-
thalate had the weak inhibitory potencies on MAO
-B activity. Unfortunately, 1,2-benzenedicarboxylic
acid was not tested for the inhibitory potenicy on
this enzyme.

In basic fraction, 3,4-dihydroxybenzylamine was
the strongest inhibitor of the MAO-B activity and
indole and myosmine were also effective for the
enzyme inhibition, whereas cotinine and nicotine
known as representative alkaloids in cigarette sm-
oke were not shown any inhibitory potencies at all
(Table 3). In phenolic fraction, three components,
eugenol, hydroquinone, and methylcatechol, had st-
rong inhibitory effects on MAO-B activity. Espe-
cially both hydroquinone and methylcatechol inhi-
bited MAO-B activity completely at the concen-
trations of 25, 50, and 100 ug/ml. On the contrary,
acetovanillon, phenol, and vanillin had weak or no
inhibitory effect on the MAO-B activity. As shown
in Tables 2 and 3, the order of the CSC compo-
nents tested in inhibitory potency on MAO-B ac-
tivity at the concentration of 25 ug/ml was hydro-
quinene>methylcatechol>3,4-dihydroxy-henzylamin
e>farnesol>eugenol>indole>myosmine.

To verify the inhibitory effects of these compo-

Table 2. Inhibitory potency of smoke components selected from neutral and acidic fractions of CSC on

MAQ-B activity in rat brain

Inhibition of MAQO-B activity (%)

Components

identified from CSC 95 =0 100+
Neutral fraction

2,3-Butanediol 0 0 0

Caryophyllene - - -

£ -Damascenone 0 0 0

Farmesol 85 93 95

Geranyl acetone II - - -

Solanone 0 0 0

6,10,14-Trimethyl-2-pentadecanone - - -
Acidic fraction

1,2-Benzenedicarboxylic acid - - -

Dibutylphthalate 0 16 17

Diethyphthalate 7 9 16

* Applied amounts (ug/ml), - ; Not tested
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Table 3. Inhibitory potency of smoke components selected from basic and phenolic fractions of CSC on
MAQ-Bactivity in rat brain.

Components Inhibition of MAO-B activity (%)
identified from CSC 25 50 100
Buasic fraction
Cotinine 0 0 0
3,4-Dihydroxybenzylamine 94 97 98
2,3-Dipyridyl 0 0 0
Indole 49 70 84
4~Methylpentanamide - -
Nicotine 0 0 0
Myosmine 36 80 9
Guaiacycloacetone - - -
Triacetine
Phenolic fraction
Acetovanillon
Cyclotene
Dimethylphenol - - -
Eugenol 62 81 98
Hydroquinone 100 100 100
Methylcatechol 98 98 93
5-Methyl-2-(1-methylethyl) phenol - - -
Phenol 6 17 35
Phenylphenol - - -
Pyrocatechol - - -
Resorcinol - - ~
Scopoletin - - -
Vanillin 11 16 21
* Applied amounts (ug/ml), - ; Not tested

Table 4. Inhibitory potency of smoke components selected from CSC on total MAQ activity in rat brain

Inhibition of Total MAQ activity (%)
Smoke components

25 50 100+
3,4-Dihydroxybenzylamine 14 25 41
Eugenol 19 31 47
Farnesol 64 72 78
Hydroquinone 27 42 58
Indole 60 71 82
Methyleatechol 17 30 63
Myosmine 16 18 27

* Applied amounts (ug/ml), - ; Not tested
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nents on MAQ-B activity, we tested the effects of
these components on total activity of monoamine
oxidase using kynuramine as a substrate (Table
4). Even though showing relatively lower inhibitory
potencies on total MAO activity than those on
MAO-B activity, these components also revealed
to have similar inhibitory effects on MAO-T acti-
vity (Table 4). Among the components having the
strong inhibitory potencies on MAO-B activity,
farmesol and indole also showed relatively strong
inhibitory potencies on the MAO-T activity at the
three concentrations tested, and others showed re—
latively weak inhibition. The order of these comp-
onents in inhibitory potency on MAO-T activity
shows being different from those in MAO-B inhi~
bition. These results indicate that hydroguinone,
methylcatechol, 3,4-dihydroxybenzy-lamine, and eu-
genol are specific inhibitors for MAO-B enzyme.
These results also suggest that farnesol and indole
are possible inhibitors for both MAO-A and MAO-
B enzymes.

DISCUSSION

The repeated finding of apparent protective ef-
fects of cigarette smoking on the risk of PD is
one of the few consistent results in the epidemiology
of that disorder (Shahi et al., 1991; Grandinetti et
al., 1994; Heller et al., 1995). There is a consistent
opinion that environmental factors rather than
genetic ones are the more important determinants
of risk of PD (Calne and Langston, 1983). In con—
trast to these possible causes, could cigarette sm-
oking be an environmental factor that protects ag-
ainst PD? We demonstrated that it could be pos-
sible in this study.

Several attempts have been made to find possible
mechanism underlying such a protective effect of
cigarette smoking on PD (Yu and Boulton, 1987;
Yong and Perry, 1986; Carr and Rowell, 1990; Lim
et al.,, 1996). Nicotine is a representative component
in tobacco alkaloids, increases the firing of dopa-
minergic neuarons and causes the increase in striatal
dopamine release (Clarke et al., 1985). Thus, nico-
tine and other tobacco alkaloids have been assumed
preferentially as effective components on MAO-B
activity. However, as shown in our experiment, to-
bacco alkaloids tested except myosmine did not give

any effect against this enzyme activity, which was
in accord with that of previous report (Sershen et
al, 1988). These results indicate that nicotine is
not the responsible component of cigarette smoke
for MAO-B inhibition. :

As second possibility for MAO-B inhibition by
cigarette smoking, components known to be increased
in the smokers body after smoking were considered.
Both smoking itself and nicotine administration are
known to increase concentrations of thiocyanate,
norepinephrine and epinephrine in blood and tissues
(Benowitz, 1995). So we tested the inhibitory po-
tential of these components against MAO-B activity
in rat brain. Even though thiocyanate did not show
any inhibitory potency on MAQ-B activity, epine~
phrine and norepinephrine strongly inhibited the
enzyme activity in vitro (Data not shown). It is
not surprising phenomenon because such catecho-
lamines can react with the enzyme competitively
during the assay as a substrate, However, further
study is necessary whether the inhibition of MAQ
-B activity is caused by the increased level of
catecholamines in the brain of smokers from the
repeated smoking.

One interesting finding regarding to MAO-B
inhibition by cigarette smoking has heen made by
Yong and Perry (1986) who suggested that some
metabolites of hydrazine present in cigarette smoke
may inhibit the activity of platelets MAQ. Because
cigarette smoking could enhance the metabolism
and elimination of xenobiotics, metabolites of some
smoke components by the enzymes responsible for
their bioactivation may inhibit the MAO-B activity
(Gresham et al, 1993). In this study, we have
tested only cotinine out of nicotine metabolites, but
it was not effective on MAO-B activity. All of the
results obtained by current studies indicate that
the major smoke componenis or the components
increased in vivo after smoking are not respon-
sible for MAQ-B inhibition.

The significance of the present study suggests
the possibility that some unknown minor compo-
nents of cigarette smoke may block the metaholic
processes of neurotoxins such as MPTP. Among
the candidate components selected from CSC, hyd-
roquinone, methylcatechol, 3,4-dihydroxybenzy-la-
mine, farnesol, eugenol, and indole showed high
potentials for MAQ-B inhibition. Another interesting
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finding is that these are not major components of
cigarette smoke and contained hydroxyl groups in
their molecular structures. Results of our experi-
ment imply that some phenolic compounds in ciga-
rette smoke have a high potential for MAO-B
inhibition, even though they have different chemical
structures from MAQ-B inhibitors well known
such as deprenyl., In order to reduce MPTP neu-
rotoxicity in rodents, MAQ-B activity should be
inhibited more than 40% of the control activity
(Jossan et al., 1987). Therefore, the inhibition of
MAOQ-B activity by such multiple components might
have an important role for the reduction of endo-
genous or environmental neurotoxins.

Since phenolic compounds are known to have
antioxidant activity, in general, such compounds
might be contributed to scavenging free radicals
as well as MAO-B inhibition. In regarding to this
hypothesis, Calne and Langston (1983) have pro-
posed that carbon monoxide could create an envi-
ronment that protects the substantia nigra from
oxidative damage. It is, however, far from the in-
hibition of MAO-B activity although it might be a
possible explanation for low incidence of PD in
smokers. Because the formation of free radicals
from MPTP occurs after its activation to toxic by
MAO-B.

Owr results suggest that the inhibition of MAQ-B
by such smoke components seems to be related to
the suppression of MPTP-induced parkinsonism and
less incidence of PD in smokers than in non-
smokers, We also suppose that other smoke com-
pounds unidentified yet may have more potential to
inhibit the activity of brain MAO-B. Therefore,
the identification of other smoke components for
MAO-B inhibition and whether MAO-B inhibitable
components identified already in cigarette smoke
can penetrate into the blood brain barmer remain
for further study.

Finally, data discussed here, however, do not
suggest that cigarette smoking could he used to
prevent against or to treat parkinsonism. These
data may be helpful, in elucidating the etiology and
pathophysiology of PD and in suggesting the effe-
ctive measuses for the prevention and therapeutics
of the patients with PD because effective drugs
for the treatment of PD did not yet develop.

REFERENCES

Benowitz, N.L. (1995) Acute biclogical effects of
nicotine and its metabolite: Effect of nicotine
on biological system II. Advances in Pharma-
cological Sciences. Birkhauser Verlag Basel,
9-16.

Boulton, A.A., Yu, PH. and Tipton, K.E. (1988)
Biogenic amine adducts, monoamine oxidase
inhibitors and smoking. Lancet 1, 114-115,

Calne, D.B. and Langston, J.W. (1983) The ae-
tiology of Parkinson’'s disease. Lancet 2, 1457-
1459,

Carr, L.A. and Rowell, P.P. (1990) Attenuation of
MPTP induced neurotoxicity by tobacco smoke.
Neuropharmacol. 29, 311-314.

Clarke, P.B.S., Hommer, D.W., Pert, A. and Ski-
rboll, L.R. (1985) Electrophysiological actions
of nicotine on substantia nigra single units, Br.
J. Pharmacol. 85, 827-835.

Fowler, J.5., Velkow, N.D., Wang, G.]., Nappas,
N., Logan, J., MacGreger, R., Alexoff, D., Shea,
C., Schlyer, D., Welf, AP, Wamer, D,
Zezulkova, 1. and Cilento, R. (1996) Inhibition
of monoamine oxidase B in the brains of
smokers. Nature 379, 733-736.

Grandinetti, A., Morens, D.M. Reed, D. and Mac-
Eachem, D. (1994) Prospective study of cigarette
smoking and the risk of developing idiopathic
Parkinson's disease. Am. J. Epid. 139, 1129-1238.

Gresham, L.S., Molgard, C.A. and Smith, R.A.
(1993) Induction of cytochrome P-450 enzymes
via tobacco smoke: a petential mechanism for
developing resistance to environmental toxins
as related to Parkinsonism and other neurologic
diseases. Neuroepidemiol. 12, 114-116.,

Heller, W.D., Tricker, A.R. and Adikofer, F. (1995)
Smoking and idiopathic Parkinson's disease:
Meta-analysis. Proc. Am. Public Health Ass.
123rd Annual Meeting. P 238. Oct 29-Nov 2,
San Diego, USA.

Jossan, S.S., Sakurai, E. and Orland, E. (1987) Is
the monoamine oxidase B activity rate limiting
for MPTP neurotoxicity? Biogenic Amines 4,
371-379.

Kalaria, R.N., Mitchell, M.J. and Harik, S. (1987)
Correlation of MPTP neurotoxicity with blood-
brain harrier monoamine oxidase activity. Proc.



Heung-Bin Lim et al.

Natl. Acad, Sci, USA. 84, 3521-3525.

Langston, J.W. (1987) MPTP: insights into the
etiology of Parkinsons disease. Euro. Neurol
26. suppl 1, 2-10.

Lim, H.B,, Sohn, H.O., Lee, Y.G. and Lee, D.W.
(1996) Eifect of cigarette smoke exposure on
MPTP-induced neurotoxicity in mice. J, Kor.
Soc. Tobac. Sci. 18, 160-169.

Moon, J.Y., Lim, H.B., Sohn, H.O., Lee, Y.G.,
Kang, Y.K. and Lee, D.W. (1997) Protection of
MPTP neurotoxicity by cigarette smoke and its
possible mechanism. Proc. 3rd. Annual Meeting,
of the Society for Research on Nicotine and
Tobacco. P 54, B05.

Morinan, A. and Garratt H.M. (1985) An improved
fluorometric assays for brain monoamine oxi
dase. J. Pharmacol, Method. 13: 213-223.

Murase, L., Shimjzu, Y. and Hayashi, K. (1994)
Tobacco Tar components that stimulate nerve
growth factor (NGF) synthesis/secretion of
mouse as froglial cells in culture. Biosci
Biotech, Biochem. 58, 900.

Poli, A., Guarnieri, T., Facchinetti, F. and Villani,
L. (1990) Effect of 1-methyl-4-phenyl-1,2,3,6-

tetrahydropyridine (MPTP) in goldfish brain.
Brain Research 534, 45-50.

Shahi, G.S., Das, N.P. and Moochhala, S.M. (1991)
1-Methyl-4-phenyl-1,2,3,6-tetrahydropyridine-
induced neurotoxicity: partial protection against
striato-nigral dopamine depletion in C57BL/6J
mice by cigarette smoke exposure and by beta-
naphthoflavone-pretreatment. Neurosci, Lett. 127
(2), 247-250.

Sershen, H., Hashim, A., Wiener, H.L. and Lajtha,
A. (1988) Effect of chronic oral nicotine on
dopaminergic function in the MPTP-treated
mouse, Neurosci, Lett. 93, 270-274.

The Parkinson Study Group (1990) Effect of
deprenyl on neuropsychological function in
early Parkinsons disease. Ann. Neurol. 28, 297.

Yong, V.W. and Perry, T.L. (1986) Monoamine
oxidase B, smoking, and Parkinson's disease.
J- Neurol. Sci. 72, 265-272.

Yu, PH. and Boulton, A.A. (1987) Irreversible
inhibition of monoamine oxidase by some
components of cigarette smoke. Life Sci. 41,
675-682,



