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Abstract:

Background: Selegiline, a therapeutic drug for Parkinson’s disease (PD), structurally resembles the endogenous parkinsonism-

related compound 1,2,3,4-tetrahydroisoquinoline (TIQ). In the present study, we evaluated the effects of 3-methyl-TIQ (3-MeTIQ)

and 3-methyl-N-propargyl-TIQ (3-Me-N-proTIQ), selegiline mimetic TIQ derivatives, for preventing 1-methyl-4-phenyl-1,2,3,6-

tetrahydropyridine (MPTP)-induced parkinsonism-like symptoms in mice.

Methods: We evaluated the preventative effects of 3-MeTIQ and 3-Me-N-proTIQ on MPTP-induced bradykinesia and depletion of

striatal dopamine (DA) and nigral tyrosine hydroxylase (TH)-positive cells.

Results: MPTP-induced bradykinesia was not different when mice were pretreated with 3-MeTIQ, except for the high-dose group.

However, pretreatment with 3-Me-N-proTIQ significantly prevented the appearance of this akinesic status. MPTP-induced striatal

DA and 3,4-dehydroxyphenylacetic acid reduction were significantly prevented by pretreatment with 3-Me-N-proTIQ, but not

3-MeTIQ, in a dose-dependent manner. On the other hand, levels of serotonin and its metabolite, 5-hydroxyindole acetic acid, in the

striatum were increased following treatment with 3-MeTIQ. In addition, the MPTP-induced decrease in TH-positive cells in the sub-

stantia nigra was significantly reduced by pretreatment with 3-Me-N-proTIQ, but not 3-MeTIQ.

Conclusions: These results suggest that not only does 3-Me-N-proTIQ have potential as a candidate compound for disease-

modifying therapy for PD, but also the N-propargyl functional group plays an important role in neuroprotection.
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Abbreviations: 1-BnTIQ – 1-benzyl-1,2,3,4-tetrahydroisoqui-

noline, 1-MeTIQ – 1-methyl-1,2,3,4-tetrahydroisoquinoline,

3-MeTIQ – 3-methyl-1,2,3,4-tetrahydroisoquinoline, 3-Me-N-

proTIQ – 3-methyl-N-propargyl-1,2,3,4-tetrahydroisoquinoline,

3-MT – 3-methoxytyramine, 5-HT – 5-hydroxytryptamine,

5-HIAA – 5-hydroxyindole acetic acid, DA – dopamine,

DOPAC – 3,4-dehydroxyphenylacetic acid, HVA – 3-methoxy-

4-hydroxyphenylacetic acid, MAOB – monoamine oxidase B,

MPP+ – 1-methyl-4-phenylpyridinium ion, MPTP – 1-methyl-

4-phenyl-1,2,3,6-tetrahydropyridine, PD – Parkinson’s disease,

(R)-salsolinol – (R)-1-methyl-6,7-dihydroxy-1,2,3,4-tetrahydro-

isoquinoline, TH – tyrosine hydroxylase
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Introduction

The etiology of Parkinson’s disease (PD) remains un-

known, although nearly 200 years have passed since this

disease was first described. Since the finding that park-

insonism could be induced by 1-methyl-4-phenyl-

1,2,3,6-tetrahydropyridine (MPTP) [16], various

MPTP-like endogenous amines have been identified

as neurotoxins, and various 1,2,3,4-tetrahydroiso-

quinoline (TIQ) derivatives such as 1-benzyl-1,2,3,4-

tetrahydroisoquinoline (1-BnTIQ) and (R)-1-methyl-

6,7-dihydroxy-1,2,3,4-tetrahydroisoquinoline ((R)-sal-

solinol) probably participate in the pathogenesis of

PD [1, 15, 27, 30]. TIQ derivatives are also found in

the brain of other animal species [12, 15, 22], and

1-BnTIQ can induce parkinsonism in rodents [15].

Moreover, 1-BnTIQ is present in the cerebrospinal

fluid of parkinsonian patients at a concentration about

3 times higher than that normally present in healthy

individuals [15]. Salsolinol is also present in both hu-

man and animal brains [38–40], and N-methylated

(R)-salsolinol produces behavioral abnormalities and

decreases dopamine (DA), especially in the substantia

nigra in rats [24]. These findings suggest an intimate

relationship between PD and the etiological potential

of these TIQ derivatives.

In contrast, 1-methyl-1,2,3,4-tetrahydroisoquinoline

(1-MeTIQ) is present in normal mouse brain, and has

been shown to prevent 1-BnTIQ-induced behavioral

abnormalities in rodents [15]. We also previously

showed that 1-MeTIQ has stereoselective properties

and prevents MPTP-induced parkinsonism-like symp-

toms in mice [2, 8]. Selegiline ((R)-N-methyl-N-(1-

phenylpropan-2-yl)prop-1-yn-3-amine), a monoamine

oxidase B (MAOB) inhibitor, structurally resembles

TIQ derivatives and has been used as a putative neu-

roprotective agent to treat PD [6]. Selegiline has been

reported to decrease endogenous 1-BnTIQ content in

the mouse brain [14] and shows stereoselective and

neuroprotective properties in glutamate receptor-

mediated toxicity of mesencephalic DA neurons [20].

Thus, we expect that testing selegiline mimetic TIQ

derivatives will lead to development of more effective

therapeutic compounds for PD. In the present study,

we examined the properties of 3-methyl-1,2,3,4-

tetrahydroisoquinoline (3-MeTIQ) for preventing

MPTP-induced parkinsonism-like symptoms in mice.

In addition, because the N-propargyl functional group

may play an important role in the neuroprotective ef-

fect [18], we also investigated the effects of 3-methyl-

N-propargyl-1,2,3,4-tetrahydroisoquinoline (3-Me-N-

proTIQ), another compound that is structurally simi-

lar to selegiline. The stereochemical structures of se-

legiline, 3-MeTIQ and 3-Me-N-proTIQ are shown in

Figure 1.

Materials and Methods

Animals and drug administration

Male C57BL/6N mice were purchased from Charles

River Japan Inc. at 7 weeks of age. All animals were

treated in accordance with the guidelines for animal

care and use published by the National Institutes of

Health and the experimental animal committee of

Ohu University. All efforts were made to minimize

animal suffering. The mice were housed under con-

trolled conditions with free access to food and water.

After an acclimation period, various doses of 3-

MeTIQ and 3-Me-N-proTIQ (10, 20, 40, and 80 mg/

kg) were administered intraperitoneally (ip) twice

a day, at 12-h intervals for 4 consecutive days. After

2 days with no administration of 3-MeTIQ or 3-

Me-N-proTIQ, 30 mg/kg MPTP or saline was given ip

twice a day for 4 consecutive days. Compounds were
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Fig. 1. Structural formula of selegiline, 3-MeTIQ, and 3-Me-N-proTIQ

Fig. 2. A schematic illustration of the drug administration schedule



prepared for injection by dissolving the hydrochloride

form of each drug in saline. The dosage volume was

10 ml/kg. Experiments were conducted using 5–9 ani-

mals/group, and 100 total mice were tested. A sche-

matic illustration of the drug administration schedule

is shown in Figure 2.

Quantitative measurement of bradykinesia

To determine the degree of bradykinesia, one of the

symptoms of PD, the pole test was conducted 9 days

after drug cessation as described by Ogawa et al. [29].

Animals were positioned head upward near the top of

a rough-surfaced iron pole (10 mm in diameter and

55 cm in height). The time to turn completely down-

ward (defined as the turn time: Tturn) and the time to

arrive at the floor (the locomotor activity time: TLA)

were recorded. This test was carried out five times in

succession for each mouse after one successful prac-

tice test.

Measurement of monoamine contents

in the striatum

Nine days after drug cessation, the animals were anes-

thetized with sodium pentobarbital (50 mg/kg, ip) and

sacrificed by decapitation. The brains were immedi-

ately removed, and the striatum was dissected. Mono-

amine content in the striatum was measured according

to the method of Kanthasamy et al. [9].

The tissue sections were rapidly weighed and then

homogenized in ice-cold 0.2 M perchloric acid con-

taining 0.05% disodium EDTA and 0.15% sodium

metabisulfite at a ratio of 500 µl/100 mg wet tissue.

Tissue homogenates were centrifuged at 15,000 × g

for 15 min at 4°C. Supernatants were passed through

a 0.45-µm pore size membrane filter, and then DA

and its metabolites (3,4-dehydroxyphenylacetic acid,

DOPAC; 3-methoxytyramine, 3-MT; and 3-methoxy-

4-hydroxyphenylacetic acid, HVA) and serotonin

(5-HT) and its metabolite (5-hydroxyindole acetic

acid (5-HIAA)) were analyzed in the filtrate.

Samples were analyzed with reverse-phase high

performance liquid chromatography (HPLC) coupled

with electrochemical detection. The HPLC system

and conditions were as follows: Eicom EP-300/Eicom

ECD-300 system; column, Eicompak SC-5ODS

(3.0 mm i.d. × 150 mm) with precolumn; mobile

phase, 83% 0.1 M citric acid/0.1 M sodium acetate

buffer (pH 3.5), 17% methanol, 0.023% sodium 1-

octanesulfonate, containing 5 mg/l disodium-EDTA;

flow rate, 0.5 ml/min; electrode, Eicom WE-3G gra-

phite electrode; reference electrode, Eicom RE-100

Ag-AgCl; applied voltage, 750 mV vs. Ag/AgCl.

Tyrosine hydroxylase (TH) immunohisto-

chemistry

Immunohistochemical analysis was performed ac-

cording to the modified method of Koshimura et al.

[13]. Animals were anesthetized with sodium pento-

barbital (50 mg/kg, ip) and transcardially perfused

with 0.9% saline followed by cold 4% paraformalde-

hyde in 0.1 M phosphate-buffered saline (PBS, pH

7.4). The brain was immediately removed, embedded

in OCT compound, and frozen in liquid nitrogen. Sec-

tions (20 µm) including the substantia nigra pars com-

pacta were prepared at the level of bregma –3.0 to

–3.1 mm according to the atlas of Franklin and Paxi-

nos [5] using a cryostat-type microtome. After fixa-

tion with acetone, the sections were incubated with

normal goat serum for 20 min at room temperature,

and then with TH antiserum (1 : 1000) overnight at

4°C. After washing with PBS, sections were incu-

bated in biotinylated secondary antibody (1 : 200) for

30 min at room temperature. Sections were washed

with PBS and immersed in avidin-biotin complex for

30 min. Finally, sections were washed with PBS and

exposed to diaminobenzidine (DAB) until the desired

staining intensity was reached. The number of cells

stained with the TH antibody was counted in the sec-

tions through the entire length of the substantia nigra

pars compacta in both hemispheres of the brain.

Chemicals

3-MeTIQ and 3-Me-N-proTIQ were synthesized in

our laboratory as described based on the Pummerer

reaction [36]. MPTP hydrochloride was purchased

from Sigma-Aldrich (USA). Monoamines (DA,

DOPAC, 3-MT, HVA, 5-HT, and 5-HIAA) for use as

standards, as well as all other chemicals used for

measuring brain monoamine contents were purchased

from Wako Pure Chemical Industries (Japan). Rabbit

antisera raised against trypsin-treated bovine TH were

obtained from Protos Biotech (USA). TH immu-

nostaining was performed using a VECTASTAIN

Elite ABC kit and DAB Substrate kit for peroxidase

(Vector Laboratories, USA) according to the manu-

facturer’s protocol.
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Data analysis

Data were expressed as the mean ± standard error

(SE) for each group. Statistical significance between

the control (saline + saline) and MPTP (saline

+ MPTP)-treated groups was calculated using the Stu-

dent’s or Aspin-Welch’s t-test. When there was a sig-

nificant difference between the control (saline + sa-

line) and MPTP (saline + MPTP)-treated groups, after

using one-way analysis of variance (ANOVA), the

significance of the difference was analyzed with Dun-

nett’s multiple comparison test using the MPTP-

treated group as a control. A value of p < 0.05 was re-

garded as statistically significant.

Results

Effects of 3-MeTIQ and 3-Me-N-proTIQ

on MPTP-induced bradykinesia

We examined the effect of 3-MeTIQ and 3-Me-N-pr-

oTIQ in inhibiting MPTP-induced bradykinesia. When

the pole test was performed 9 days after drug cessation,

the values of Tturn (2.53 ± 0.26 s, p < 0.01) and TLA
(9.66 ± 0.45 s, p < 0.01) were significantly longer than

those of control mice (Tturn, 1.24 ± 0.06 s; TLA, 4.94

± 0.35 s) with repeated administration of MPTP in the

3-MeTIQ estimation study. 3-MeTIQ pretreatment

tended to inhibit the MPTP-induced bradykinesia, but

there was no statistically significant difference except

in the high-dose group for the TLA value (Fig. 3A).

In the 3-Me-N-proTIQ estimation study, MPTP

clearly induced bradykinesia (Tturn: 2.31 ± 0.22 s, TLA:

8.66 ± 0.95 s) compared to the control group (Tturn:
0.96 ± 0.04 s, TLA: 4.22 ± 0.35 s). Pretreatment with

3-Me-N-proTIQ significantly inhibited the appear-

ance of MPTP-induced bradykinesia in a dose-

dependent manner (Fig. 3B).

In addition, administration of each test compound

alone (3-MeTIQ + saline and 3-Me-N-proTIQ + sa-

line) did not induce significant behavioral changes in

this test (Fig. 3A, B).

Effects of 3-MeTIQ and 3-Me-N-proTIQ on

monoamine contents in the striatum

Repeated administration of MPTP significantly de-

creased the striatal DA content 9 days after drug ces-

sation. The DA contents of the striatum in the MPTP-

treated groups were reduced by 35.8% compared to

the control group (MPTP: 4.8 ± 0.6 ng/mg tissue vs.

control: 13.4 ± 0.7 ng/mg tissue, p < 0.01) in the

3-MeTIQ estimation study and by 35.2% compared to

the control group (MPTP: 4.3 ± 0.2 ng/mg tissue vs.

control: 12.2 ± 0.7 ng/mg tissue, p < 0.01) in the

3-Me-N-proTIQ estimation study. Metabolites of DA

were also significantly decreased by treatment of

MPTP alone (saline + MPTP) in both studies (Tab. 1).

3-MeTIQ pretreatment tended to prevent the MPTP-

induced decrease in DA, but there was no statistically

significant difference. 3-MeTIQ pretreatment did not

affect the MPTP-induced decrease in the other DA

metabolites (Tab. 1). On the other hand, the 3-Me-N-

proTIQ-treated groups showed a statistically signifi-

cant, dose-dependent inhibition of the decrease in DA

and its metabolites. Statistically significant differ-

ences were observed with 40 and 80 mg/kg 3-Me-

N-proTIQ for DA and DOPAC, and with the 80 mg/kg

group for HVA (Tab. 1).

Repeated administration of MPTP did not change

the levels of 5-HT in the striatum. Pretreatment with

3-MeTIQ significantly increased striatal 5-HT levels.

Treatment with 20 mg/kg (0.65 ± 0.02 ng/mg tissue),

40 mg/kg (0.67 ± 0.05 ng/mg tissue), and 80 mg/kg

(0.71 ± 0.05 ng/mg tissue) 3-MeTIQ increased the

5-HT levels compared to the control group (0.40 ± 0.03

ng/mg tissue). In addition, administration of 3-MeTIQ

alone (3-MeTIQ + saline treatment) also significantly

increased striatal 5-HT levels (0.87 ± 0.10 ng/mg tis-

sue). On the contrary, 3-Me-N-proTIQ did not affect

the levels of 5-HT in the striatum (Tab. 1). Consistent

with the 5-HT levels, striatal 5-HIAA levels also sig-

nificantly increased with pretreatment with 3-MeTIQ,

but not 3-Me-N-proTIQ (Tab. 1).

Effects of high-dose (80 mg/kg) 3-MeTIQ and

3-Me-N-proTIQ on nigral TH-positive cells

Nine days after MPTP cessation, the number of TH-

positive substantia nigra cells was counted following

immunohistochemical staining. The number of TH-

positive cells in the control group was 103.2 ± 6.2

cells/slice (n = 5, 11–13 slices/head, Tab. 2, Fig. 4A);

MPTP significantly reduced this number to 57.2 ± 9.0

cells/slice (55.4% of control, n = 5, 11–14 slices/head,

p < 0.01, Tab. 2, Fig. 4B). Although pretreatment with

high-dose (80 mg/kg) 3-MeTIQ did not affect the re-

duction (66.0 ± 7.4 cells/slice, n = 5, 10–12 slices/
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head, Tab. 2, Fig. 4C), 3-Me-N-proTIQ significantly

prevented the MPTP-induced loss of TH-positive

cells (86.4 ± 5.4 cells/slice, n = 5, 10-15 slices/head,

p < 0.01, Tab. 2, Fig. 4D).

Discussion

TIQ derivatives have been extensively investigated as

candidate endogenous causative factors of PD since

the discovery that exogenous MPTP, which is struc-

turally similar to TIQ, could induce parkinsonism-like

symptoms. Although many TIQ derivatives such as

1-BnTIQ and N-methyl-(R)-salsolinol are now classi-

fied as parkinsonism-inducing compounds, 1-MeTIQ

prevents MPTP-induced bradykinesia [21] and inhib-

its the 1-methyl-4-phenylpyridinium ion (MPP+)-
induced mitochondrial complex I depression that

causes cell death [32]. Thus, 1-MeTIQ was thought to

be a possible endogenous PD-preventing compound

[31]. On the other hand, selegiline is a therapeutic

1208 Pharmacological Reports, 2013, 65, 1204�1212

Fig. 3. Effect of 3-MeTIQ and 3-Me-N-proTIQ on MPTP-induced bradykinesia. Tturn and TLA were defined as the time for animals to turn
completely downward at the top of the iron pole, and the time until they arrived at the floor, respectively. MPTP-induced bradykinesia was
significantly inhibited by pretreatment with 3-Me-N-proTIQ (B), but not 3-MeTIQ (A). Data are the mean ± standard error (SE, n = 6–9). Symbols
show significant differences compared to the saline + saline-treated group (** p < 0.01) and the saline + MPTP-treated group (# p < 0.05, ## p <
0.01)



drug for PD, and its structure resembles that of TIQ

derivatives. In the present study, we focused on the

structural methyl group in selegiline (see Fig. 1) and

synthesized 3-MeTIQ, which has a methyl group at

the same place as selegiline in the structural formula.

In addition, because the N-propargyl functional group

plays an important role in neuroprotection [18] and

cell viability [11], the effects of 3-Me-N-proTIQ were

also investigated.

Our present results showed that 3-Me-N-proTIQ

has more potent neuroprotective effects than 3-MeTIQ

on MPTP-induced PD-like symptoms. Previously, we

used PC12 cells to directly investigate the cytotoxic-

ity and preventative effects of 3-MeTIQ and 3-Me-

N-proTIQ following MPP+ treatment. Although the

cytotoxic effect of these compounds on PC12 cells is

relatively weak, 3-MeTIQ potently enhances MPP+-
induced cell death in contrast with 3-Me-N-proTIQ,

which significantly inhibits the decrease in cell viabil-

ity caused by MPP+ [35]. In addition, we recently re-

ported a preventative effect of 1,3-dimethyl- and 1,3-

dimethyl-N-propargyl-TIQ on MPTP-induced PD-like

symptoms [10]. Also in this study, N-propargylated

1,3-dimethyl-TIQ more potently inhibited the MPTP-

induced DA reduction compared to 1,3-dimethyl-TIQ,

which does not have an N-propargyl functional group

[10]. Although it is still unknown why the inhibitory

effect occurs, our results support the hypothesis that

the N-propargyl functional group plays an important

role in neuroprotection [18]. TIQ derivatives are

thought to be metabolized to N-methylated-TIQ by

N-methyltransferase, which is expressed in the brain,
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Tab. 2. Brains were sectioned 9 days after the second treatment. The
number of TH-positive cells in the substantia nigra are expressed as
the mean ± standard error (SE, n = 5). Symbols show significant dif-
ferences compared to the control group (saline + saline-treated
group, ** p < 0.01) and the saline + MPTP-treated group (##p < 0.01)

Treatment
Number

of TH-positive cells
1st 2nd

Saline Saline 103.2 ± 6.2

Saline MPTP 57.2 ± 9.0**

3-MeTIQ MPTP 66.0 ± 7.4

3-Me-N-proTIQ MPTP 86.4 ± 5.4##

Tab. 1. Effects of MPTP, 3-MeTIQ, and 3-Me-N-proTIQ on striatal monoamine contents (ng/mg tissue) in isolated striatum 9 days after drug
cessation. Data are the mean ± standard error (SE, n = 5-7). Symbols show significant differences compared to the control group (saline +
saline-treated group, * p < 0.05 and ** p < 0.01) and the saline + MPTP-treated group (# p < 0.05 and ## p < 0.01). DA – dopamine, DOPAC –
3,4-dehydroxyphenylacetic acid, 3-MT – 3-methoxytyramine, HVA – 3-methoxy-4-hydroxyphenylacetic acid (homovanillic acid), 5-HT – sero-
tonin, 5-HIAA – 5-hydroxyindole acetic acid

Treatment
DA DOPAC 3-MT HVA 5-HT 5-HIAA

1st 2nd

Saline Saline 13.4 ± 0.7 1.42 ± 0.10 0.59 ± 0.07 2.07 ± 0.22 0.40 ± 0.03 0.38 ± 0.03

Saline MPTP 4.8 ± 0.6** 0.49 ± 0.05** 0.18 ± 0.05** 1.12 ± 0.10** 0.43 ± 0.06 0.36 ± 0.05

3-MeTIQ 10 mg/kg MPTP 5.4 ± 0.1 0.38 ± 0.11 0.08 ± 0.02 0.94 ± 0.25 0.38 ± 0.01 0.26 ± 0.01

20 mg/kg MPTP 6.8 ± 0.6 0.39 ± 0.05 0.19 ± 0.02 0.97 ± 0.08 0.65 ± 0.02** 0.40 ± 0.01

40 mg/kg MPTP 6.7 ± 0.7 0.54 ± 0.10 0.10 ± 0.03 1.20 ± 0.12 0.67 ± 0.05** 0.52 ± 0.03**

80 mg/kg MPTP 6.7 ± 0.8 0.63 ± 0.08 0.27 ± 0.08 1.32 ± 0.31 0.71 ± 0.05** 0.53 ± 0.04**

80 mg/kg Saline 12.4 ± 0.7 1.24 ± 0.06 0.50 ± 0.08 2.42 ± 0.24 0.87 ± 0.10** 0.60 ± 0.05**

Saline Saline 12.2 ± 0.7 1.09 ± 0.09 0.57 ± 0.06 1.57 ± 0.14 0.42 ± 0.06 0.33 ± 0.06

Saline MPTP 4.3 ± 0.2** 0.42 ± 0.02** 0.30 ± 0.02* 0.82 ± 0.04** 0.45 ± 0.05 0.32 ± 0.05

3-Me-N-proTIQ 10 mg/kg MPTP 5.5 ± 0.9 0.58 ± 0.08 0.37 ± 0.04 0.84 ± 0.07 0.49 ± 0.10 0.28 ± 0.05

20 mg/kg MPTP 6.6 ± 0.9 0.67 ± 0.07 0.46 ± 0.11 0.97 ± 0.15 0.45 ± 0.07 0.33 ± 0.05

40 mg/kg MPTP 9.0 ± 1.0## 0.78 ± 0.08## 0.44 ± 0.05 1.00 ± 0.15 0.41 ± 0.05 0.35 ± 0.04

80 mg/kg MPTP 9.5 ± 0.9## 0.83 ± 0.08## 0.37 ± 0.08 1.22 ± 0.31# 0.37 ± 0.05 0.38 ± 0.07

80 mg/kg Saline 11.7 ± 0.9 0.94 ± 0.06 0.50 ± 0.08 1.42 ± 0.24 0.45 ± 0.05 0.35 ± 0.05



and the oxidization-induced N-methylisoquinolium

ion may have neurotoxic properties [23, 25, 26, 28].

Antkiewicz-Michaluk et al. have reported that 1-

MeTIQ may exhibit its neuroprotection property by

inhibiting the N-oxidation catabolic pathway of DA

[4]. Thus, a bonded propargyl functional group at the

N-position may interfere with N-methylation, which

may be related to the neuroprotective effects of 3-

Me-N-proTIQ.

Systemically administered MPTP readily pene-

trates the blood-brain barrier and is oxidized by

MAOB to MPP+. MPP+ likely exerts its toxicity by ac-

cumulating in catecholaminergic neurons and termi-

nals via catecholamine uptake sites [34]. Cell death is

induced by inhibition of the respiration rate caused by

binding to complex I in mitochondria [19, 37].

Although 3-MeTIQ significantly enhances MPP+-
induced cell death [34], pretreatment with this com-

pound in the present study tended to prevent both the

MPTP-induced prolonged behavioral reaction in the

pole test and the DA reduction in the striatum. These

results suggest that 3-MeTIQ may exert a weak in-

hibitory effect on MPTP, but not MPP+, i.e., 3-MeTIQ

may inhibit metabolic conversion from MPTP to

MPP+, perhaps by reducing MAOB activity. On the

other hand, 3-Me-N-proTIQ prevents MPP+-induced

cell death in vitro [35], and the inhibition of the

MPTP-induced PD-like symptoms in the present

study indicates that this compound may possess effi-

cacy regarding both MPP+- and MPTP-induced toxic

activity. In addition, anti-parkinsonism compounds

such as selegiline and 1-MeTIQ increase DA levels by

inhibiting MAOB activity [7, 33]. Recently, using in

vivo microdialysis, W¹sik et al. reported that admini-

stration of 1-MeTIQ reduces striatal DOPAC levels

[42]. In contrast, our present data suggested that pre-

treatment with 3-Me-N-proTIQ inhibited not only the

decrease in DA, but also the decrease in DOPAC

caused by MPTP. Thus, we speculate that the anti-

parkinsonism action of 3-Me-N-proTIQ against

MPTP may be predominantly based on inhibition of

MPP+-induced neurotoxicity. Because the toxicity of

MPP+ is due to accumulation in catecholaminergic

neurons via catecholamine uptake sites [34], the pres-

ence of an N-propargyl functional group may allow

easy access of 3-Me-N-proTIQ to the uptake site or

3-Me-N-proTIQ may compete with MPP+. Thus,

these 3-MeTIQs are thought to have different mecha-

nisms of action that are due to the presence of the

N-propargyl functional group. Further studies are re-

quired to determine the role of the N-propargyl func-

tional group in TIQ derivatives.

Although the effect of 3-MeTIQ in preventing the

MPTP-induced DA decrease was not strong, this

compound significantly increased the 5-HT content.

In addition, a high dose (80 mg/kg) of 3-MeTIQ

shortened the MPTP-induced prolongation of TLA
without a dramatic DA increase, which suggests

a contribution by the serotonergic system to behavior.

Our previous studies showed that TIQ, 1-MeTIQ, and

1-BnTIQ do not change the levels of 5-HT in the

striatum [2, 3]. However, one of the TIQ derivatives,

(R)-salsolinol, increases 5-HT and decreases levels of

its metabolite, 5-HIAA, by inhibiting monoamine oxi-

dase A [17]. Our present result showed an increase in

both 5-HT and 5-HIAA following treatment with

3-MeTIQ. Thus, some TIQ derivatives affect the sero-
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Fig. 4. Protective effect of high dose
(80 mg/kg) 3-MeTIQ and 3-Me-N-pro-
TIQ on the MPTP-induced reduction in
TH-positive cells in the substantia
nigra. Cell counting was performed by
viewing sections with a microscope,
and round cell bodies that were clearly
recognized as TH-positive cells were
counted using a tally counter. Typical
substantia nigra sections are shown:
mice were treated with (A) saline +
saline, (B) saline + MPTP, (C) 3-MeTIQ
+ MPTP, and (D) 3-Me-N-proTIQ +
MPTP. Photomicrographs are at a mag-
nification of 200´



tonergic system, and 3-MeTIQ may increase 5-HT

synthesis or release.

In conclusion, our present study showed that al-

though the neuroprotective properties of 3-MeTIQ are

relatively weak, they are distinct from those of

3-Me-N-proTIQ. These results suggest a requirement

for an N-propargyl group for preventing MPTP-

induced PD-like symptoms. In addition, our results

collectively showed apparently different mechanisms

for 3-MeTIQ and 3-Me-N-proTIQ. Thus, we should

next investigate the reason that slight structural differ-

ences produce pharmacological disparities, leading to

neurotoxic and neuroprotective TIQ derivatives. Re-

cently, Son et al. reported that one TIQ derivative

affects the expression of matrix metalloproteinase-3,

tumor necrosis factor-a, interleukin-1b, cycloxyge-

nase-2, and others both in vitro and in vivo [41]. Be-

cause TIQ derivatives possess high pharmacological

potential and broad action, investigating compounds

with combinations of an N-propargyl group, a TIQ-

like structure, and various substituents may lead to

development of new compounds for PD therapy.
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