
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A possible novel pharmacological therapy for Parkinson’s 
disease using the pleiotropic property of Selegiline 

ABSTRACT 
Monoamine oxidase type B (MAO-B) inhibitors 
have neuroprotective properties in addition to 
their primary pharmacologic function. We 
examined the effects of selegiline, an irreversible 
MAO-B inhibitor, on the expression levels of 
survivin mRNA and lipid peroxidation in the 
corpus striata of 1-methyl-4-phenyl 1,2,3,6-
tetrahydropyridine (MPTP)-induced Parkinsonian 
mice. Mice were treated with normal saline 
(vehicle as control), MPTP alone (30 mg/kg of 
body weight), MPTP with low-dose of selegiline 
(0.1 mg/kg of body weight), or MPTP with high-
dose of selegiline (1.0 mg/kg of body weight). A 
consecutive 7-day oral treatment of MPTP alone 
did not influence survivin mRNA expression. 
Selegiline treatment together with MPTP 
significantly upregulated survivin expression at 
both low- and high-doses. Interestingly, lipid 
peroxidation was significantly suppressed by a 
low-dose of selegiline but not by a high-dose. 
These results suggest that selegiline has 
pleiotropic effects; the upregulation effects on  
survivin mRNA expression are likely to be 
independent from its primary pharmacological 
properties (MAO-B inhibition), whereas the 
inhibitory effects on lipid peroxidation seem to be 
associated with its primary pharmacological 
 

properties. In addition to conventional dopamine 
supplementation therapy, selegiline might serve 
as a novel pharmacological therapeutic strategy 
for Parkinson’s disease through its antiapoptotic 
properties via survivin induction as well as its 
antioxidative properties.   
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INTRODUCTION 
Parkinson’s disease (PD) is a major neuro-
degenerative disorder characterized by akinesia, 
muscular rigidity, rest tremor, and postural 
instability [1]. The loss of striatonigral dopaminergic 
(DAergic) neurons, which originate in the substantia 
nigra (SN) and terminate in the corpus striatum 
(CS), plays a major pathological role in the motor 
symptoms of this disorder [1]. Although the 
fundamental mechanism of neuronal degeneration 
remains unresolved, oxidative stress, mitochondrial 
dysfunction, and/or apoptotic processes are 
assumed to be involved [1-4]. Iron ions in the SN 
have been attributed to provoke a form of 
oxidative stress known as Fenton-like reactions 
[1-4]. The supplementary administration of 
dopamine (DA) and/or DA agonists has been a 
reasonable pharmacological therapy in view of the 
pathology of this disease [1]. Recent advances 
have revealed that monoamine oxidase type B 
(MAO-B) inhibitors as well as DA agonists have 
neuroprotective functions in addition to their 
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primary pharmacological properties [5, 6]. This 
pleiotropic property highlights the value of 
MAO-B inhibitors and might influence treatment 
strategies for PD. 
The mechanism of neuroprotection falls under the 
following three categories: antioxidative properties, 
antiapoptotic properties, and neurotrophic properties. 
The neuroprotective function of MAO-B inhibitors 
is ascribed to these properties [7, 8]. Survivin is a 
protein that is present in the cytoplasm, nucleus, 
and mitochondria, modulating the cell cycle at the 
G2/M phase [9-14]. Survivin is a member of the 
inhibitor of the apoptosis protein (IAP) family and 
suppresses caspase activities, which serve as the 
executioners of the final apoptotic pathway, and 
result in cell survival and/or cell proliferation 
[9-14]. The expression of survivin is higher in 
immature cells and tumor cells than in mature 
cells [9-14].  Survivin is critically required for the 
survival of developing CNS neurons [15, 16]. 
Therefore, we examined the effects of selegiline, 
an irreversible MAO-B inhibitor approved for 
clinical use, on survivin mRNA expression in the 
CS in a mouse model for Parkinson’s disease 
produced using 1-methyl-4-phenyl-1,2,3,6-tetra-
hydropyridine (MPTP) treatment. 
 
MATERIALS AND METHODS 

Animals and preparation of rodent model for 
PD using MPTP treatment                                     
Twelve 8-week-old C57/6J mice were purchased 
from Sankyo Laboratory Service (Tokyo, Japan) 
for use in the present study. The mice were kept 
under standard conditions: a 12-h on/off light cycle, 
a room temperature between 22 ºC and 25 ºC,  
and food and water ad libitum. The mice were 
randomly assigned to the following 4 groups  
(3 each): 1) a control (vehicle) group, 2) an MPTP 
(30 mg/kg of body weight) alone group, 3) an 
MPTP (30 mg/kg of body weight) with high-dose 
(1.0 mg/kg of body weight) selegiline group, and 
4) an MPTP (30 mg/kg of body weight) with low-
dose (0.1 mg/kg of body weight) selegiline group.  
The drugs were dissolved in normal saline as a 
vehicle. Each group of mice received a daily 
administration of a single dose of normal saline 
(control group) or one of the above-mentioned 
drug solutions via a gastric tube for 7 consecutive 
days. Seven days were sufficient to enable the 
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development of pathological changes in DAergic 
neurons in the CS, as shown in previous studies 
[17-23]. Thereafter, all the mice were killed by 
decapitation under intraperitoneal pentobarbital 
sodium (40-50 mg/kg of body weight) anesthesia 
7 days after the last administration of normal 
saline (control group) or drug(s) (MPTP alone 
group, MPTP with low-dose selegiline group, and 
MPTP with high-dose selegiline group) [17-23]. 
The whole brains were immediately removed, 
weighed, and placed on a glass plate over crushed 
ice; the corpus striata were then dissected. The 
ipsilateral sides were used for LPO (lipid 
peroxide) determination, and the other sides were 
frozen at -80 ºC for subsequent use in the survivin 
mRNA measurements. 
The present study was approved by the Ethical 
Committee for Laboratory Animal Care and Use 
at the School of Pharmacy, Nihon University. 

Confirmation of PD-like disease in               
MPTP-treated mice 
We confirmed the development of a PD-like 
disease using kinesiological parameters as surrogate 
markers for a histological study (neuronal 
degeneration at SN) or a biochemical study (DA 
depletion at CS), as described elsewhere [23]. The 
horizontal and vertical motor activities of the mice 
were measured using an infrared beam test using 
Digiscan (Omnitech Electronics Inc., Columbus, 
OH) before and after drug administration, as 
described previously [23-25]. 

Chemicals 
Selegiline was kindly donated by Fujimoto 
Pharmacy (Tokyo, Japan). Ethidium bromide, 
diethylpyrocarbonate (DEPC), and MPTP were 
obtained from Sigma (St. Louis, MO). The total 
RNA isolation reagent (TRIzol), Moloney murine 
leukemia virus reverse transcriptase, Thermus 
aquaticus DNA polymerase, oligo (dT) primer, 
dNTP (2’-deoxynucleotide 5’-triphosphate), DTT 
(dithiothreitol), 10 × PCR buffer (200 mM Tris-
HCl (pH 8.0), and 500 mM KCl), and electrophoretic 
-grade agarose were purchased from Invitrogen 
Life Technologies (Carlsbad, CA). 

Survivin measurement 
The expression of survivin mRNA was measured 
using a semi-quantitative reverse-transcription
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supernatant (1-butanol-phase) was measured using 
a spectrofluorometer (FP-6200; Nihon Bunko, 
Tokyo, Japan) at an excitation wavelength of 
515 nm and an emission wavelength of 553 nm. 
The LPO level was estimated using 1,3,3-
tetraetoxypropane as a reference standard. The 
results were expressed as nanomoles of 
malondialdehyde reactive substances per gram of 
wet tissue weight. 

Statistical analysis 
All the values were expressed as the mean ± 
S.E.M. The motor activities among the 4 groups 
before or after drug treatment were assessed using 
a one-way ANOVA (analysis of variance), while 
the motor activities of each group of mice before 
and after drug treatment were analyzed using a 
paired t-test. The body-weight change before and 
after drug treatment was also assessed using a 
paired t-test. The brain weight, survivin mRNA 
expression, and LPO levels were analyzed using a 
one-way ANOVA. A Tukey-Kramer post-hoc test 
was used if the ANOVA table produced a P value 
< 0.05. 
 
RESULTS 

Motor activity changes 
A summary of the horizontal motor activities of 
the mice is shown in Figure 1. The mice activities 
in all 4 groups showed a tendency to decrease 
after normal saline or drug(s) treatment. However, 
only the MPTP treatment (MPTP alone group, 
MPTP with low-dose selegiline group, and MPTP 
with high-dose selegiline group) significantly 
reduced the activities. The vertical motor activities 
showed the same trend as the horizontal activities 
(data not shown). 

Body weight change and brain weight 
No significant changes in body weight were 
observed after normal saline or drug(s) treatment 
among the 4 groups (Figure 2). Furthermore, no 
significant changes in brain weight were observed 
after normal saline or drug(s) treatment (Figure 3). 

Expression of survivin mRNA in the corpus 
striatum 
The expression of survivin mRNA is shown in 
Figure 4. Interestingly, treatment with MPTP
  

polymerase reaction (RT-PCR). Total RNA was 
isolated from the brain samples and the following 
RT reactions were performed, as described 
previously [23, 25, 26]. The primers for mouse 
survivin and glyceroaldehyde-3-phosphate (GAPDH) 
were obtained from TaKaRa Bio (Gunma, Japan).  
The sequences of the primers were as follows: 
survivin: 5’-ATC GCC ACC TTC AAG AAC 
TG-3’ (forward) and 5’-TGA CTG ACG GGT 
AGT CTT TGC-3’ (reverse) [13] and GAPDH: 
5’-TAT TGG GCG CTT GGT CAC CA-3’ 
(forward) and 5’-CCA CCT TCT TGA TGT CAT 
CA-3’ (reverse). The predicted sizes of the 
amplified products (cDNA) were 348 bp for 
survivin and 752 bp for GAPDH [23, 25, 26], 
respectively. 
PCR was performed with denaturation at 94 ºC for 
45 s, annealing at 55 ºC for 30 s, and extension at 
72 ºC for 1.5 min. The last extension was 10 min.  
Within a logarithmic linear range, 30 cycles were 
used to determine the survivin/GAPDH ratio [13]. 
The cDNAs were electrophoresed on an agarose 
gel and were visualized using ethidium bromide 
staining. The density of the cDNA bands was 
determined using Scion Image Software (Frederick, 
MD). The relative amount of survivin mRNA 
standardized against the amount of GAPDH 
mRNA was calculated. The values of the MPTP 
alone group, the MPTP with high-dose selegiline 
group, and the MPTP with low-dose selegiline 
group were standardized against the value of the 
control group. 

LPO measurement 
The LPO concentration was determined using the 
thiobarbituric acid (TBA) method, as described 
elsewhere [23, 25-27]. Briefly, the brain samples 
were homogenized in ice-cold PBS. All the 
subsequent steps were performed using amber-
colored tubes. The homogenized samples were 
added to 40 mM sulfuric acid and 10% 
phosphotungstic acid and then centrifuged at 
1,500 x g for 10 min. A TBA agent containing  
8.8 M acetic acid and 20 mM TBA was then 
added. The samples were incubated in a boiling 
bath for 1 h. After cooling with tap water,  
1-butanol was added to extract malondialdehyde, 
and the mixture was shaken vigorously by hand. 
After centrifugation at 1,500 x g for 10 min, the 
1-butanol phase was saved. The absorbance of the
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Figure 1. Horizontal motor activities of mice. No significant differences in motor activities were observed among 
the 4 groups at the time of group allocation (P = 0.629, using a one-way ANOVA). No significant decrease in 
activity was detected in the control group (P = 0.321, using a paired t-test). The activities were significantly 
decreased after the administration of MPTP for 7 consecutive days in all the groups (treated with MPTP alone 
group, MPTP with high-dose selegiline group, and low-dose selegiline group) according to a paired t-test  
(**P < 0.01). MPTP: 1-methyl 4-phenyl 1,2,3,6-tetrahydropyridine. 

Figure 2. Body weight change. At allocation, no significant differences in body weight were observed among the 
4 groups (P = 0.945, using a one-way ANOVA). No significant body weight changes were observed after any of 
the treatments, according to a paired t-test (P = 1.000 for control, P = 0.184 for MPTP alone group, P = 0.529 for 
MPTP with high-dose selegiline group, and P = 0.423 for MPTP with low-dose selegiline group). MPTP: 1-methyl 
4-phenyl 1,2,3,6-tetrahydropyridine. 
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Figure 3. Brain weight differences. No differences in the whole brain weight 
were observed among the 4 groups (P = 0.920, using a one-way ANOVA).  

Figure 4. Survivin mRNA expression in the corpus striatum. The relative expression of survivin in each group 
was standardized against that of the control. Survivin expression differed significantly among the 4 groups (P = 3.60 × 10-6, 
using a one-way ANOVA). The administration of MPTP alone (30 mg/kg of body weight for 7 consecutive days) 
did not influence survivin expression. However, the administration of both MPTP with high-dose (1.0 mg/kg) and 
low-dose (0.1 mg/kg) selegiline treatment for 7 consecutive days significantly upregulated survivin expression 
(**P < 0.01, using a Tukey-Kramer post-hoc test). The degree of upregulation was similar between the MPTP with 
high-dose selegiline group and the MPTP with low-dose selegiline group. MPTP: 1-methyl 4-phenyl 1,2,3,6-
tetrahydropyridine.  
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from their primary and adjunctive pharmacological 
effects on DA [28-31]. The mechanism of neuro-
protection can largely be classified into antioxidative 
properties, antiapoptotic properties, and neurotrophic 
properties. How MAO-B inhibitors exert their 
antiapoptotic property has not been well clarified. 
In past studies, the antiapoptotic effects of 
selegiline have been shown to be associated with 
the modulation of gene expression [32-35]. The 
upregulation of antiapoptotic Bcl-2 and Bcl-XI 
and the down regulation of proapoptotic Bad, Bax, 
PARP, and caspase3 have been reported [7, 8, 
32-37]. Selegiline prevents the progressive 
reduction of the mitochondrial membrane potential 
in preapoptotic neurons [32-35]. The antiapoptotic 
effect of selegiline is associated with the 
propagylamine moiety, which protects mitochondrial 
viability and the mitochondrial permeability 
transition pore by activating Bcl-2 and down 
regulating the Bax family of proteins [36]. These 
antiapoptotic effects of selegiline have been 
shown to be independent from its MAO-B inhibitory 
property [32-35].  
However, the effect of selegiline on IAPs has 
not yet been investigated. In the present study,
          
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
alone did not influence survivin mRNA expression; 
the expression level in the group treated with 
MPTP alone was similar to that in the control 
group. Meanwhile, the administration of either 
low- or high-doses of selegiline with MPTP 
markedly upregulated survivin mRNA expression. 
The degree of upregulation was similar in both 
low- and high-dose groups. 

Concentration of lipid peroxides in the      
corpus striatum 
The LPO levels in the CS are shown in Figure 5. 
Treatment with MPTP alone did not significantly 
alter the LPO levels. Interestingly, MTPT 
treatment with low-dose (0.1 mg/kg) selegiline 
significantly suppressed LPOs formation but high-
dose (1.0 mg/kg) treatment did not influence the 
LPO levels, which remained at the same level 
as that in the control group and the MPTP alone 
group.  
 
DISCUSSION 
Clinical studies have suggested that MAO-B 
inhibitors exert neuroprotective properties apart 
 

Figure 5. Lipid peroxide levels in the corpus striatum. The lipid peroxide (LPO) levels, which was assessed by 
measuring malondialdehyde reactive substances, was significantly decreased after the administration of MPTP with 
low-dose selegiline (0.1 mg/kg) (P = 0.011, using a one-way ANOVA and *P < 0.05, using a subsequent Tukey-
Kramer post-hoc test). No changes in the levels of LPO were found after the administration of MPTP with high-dose 
selegiline (1.0 mg/kg) or after the administration of MPTP alone. MPTP: 1-methyl 4-phenyl 1,2,3,6-tetrahydropyridine. 
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selegiline to increase SOD activities seemed to be 
tissue and brain region specific [45]. Selegiline, 
even at a low dose (0.1 mg/kg), might induce 
antioxidative agents other than SOD, catalase, 
GSH, and GSH-Px, such as metallothionein, 
which has been shown to exert neuroprotective 
effects during 6-hydroxydopamine (6-OHDA)-
induced striatal neural injury [49]. Although the 
most efficient dose of selegiline required to exert 
an antioxidative effect should be further examined, 
the antioxidative of selegiline is likely to be 
promising. 
DA and/or DA agonists have been the standard 
pharmacological therapy for Parkinson’s disease 
[1]. In addition to the original pharmacological 
property of selegiline, which augments the 
properties of DA through its effect on monoamine 
oxidase activity, the available evidence suggests 
that the pleiotropic properties of selegiline could 
serve as a novel therapeutic strategy for PD 
through its antiapoptotic properties via survivin 
induction in addition to its antioxidative properties. 
 
CONCLUSION 
Selegiline administration might serve as a novel 
pharmacological therapeutic strategy for Parkinson’s 
disease through its antiapoptotic properties via 
survivin induction as well as its antioxidative 
properties.   
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