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Abstract 

Purpose: To investigate the effect of thiamine triethylorthoformate conjugate (TTO) on Parkinson 
disease (PD) in vitro and in vivo in a mice model. 
Methods: The effect of TTO on behavioural changes in PD mouse model was studied using pole, 
traction and swimming tests. Astrocyte proliferation after TTO treatment was assessed using 3 (4, 5 
dimethyl 2 thi¬azolyl) 2, 5 diphenyl 2 H tetrazolium bromide (MTT) assay. Apoptosis was determined 
with flow cytometry using Annexin V Fluorescein isothiocyanate kit. 
Results: Treatment of PD mice with TTO led to a decrease in climbing time, increase in suspension 
score and enhancement of swimming score, when compared to the untreated group (p < 0.05). 
Treatment of astrocytes with TTO prior to MPP incubation significantly increased proliferation (p < 0.05). 
Apoptosis induction in astrocytes by MPP was attenuated by pre-treatment with TTO. Pre-treatment of 
astrocytes with 10 µM TTO markedly reduced JNK activation, when compared to astrocytes incubated 
with MPP alone (p < 0.05). Up-regulation of Bax and down-regulation of Bcl 2 by MPP in astrocytes 
were attenuated by pre-treatment with TTO. MPP-induced up-regulation of cleaved caspase 3 was 
suppressed in astrocytes by TTO pre-treatment (p < 0.05). 
Conclusion: Treatment with TTO prevents MPP+-induced neuronal damage in vitro in astrocytes and in 
vivo in mice. The neuro-protective effect of TTO involves down-regulation of JNK activation, inhibition of 
caspase-3 level, decrease in Bax and increase in Bcl-2 expression. Thus, TTO has a potential for use in 
the treatment of Parkinson’s disease. 
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INTRODUCTION 
 
Parkinson disease (PD) is the second most 
commonly detected neurodegenerative disorder 
with morbidity of 2 % in aged people. It causes 
induction of apoptosis in basal ganglia leading to 
mental disturbance and bradykinesia in the 

patients [1]. Although the mechanism underlying 
PD is yet to be clearly understood, the disorder is 
associated with dysfunction of mitochondrion, 
neuronal inflammation and oxidative damage [2]. 
Increased levels of reactive oxygen species, 
glutamate and other cytotoxic molecules in the 
nervous system lead to neuronal inflammation 
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and neurological degeneration through the onset 
of apoptosis [3].  
 
Astrocyte dysfunction in mice critically affects the 
functioning and survival of neurons [4]. In animal 
models of brain injury, death of astrocytes 
generally proceeds through necrosis [5]. 
Astrocyte apoptosis plays an important role in the 
pathogenesis of neurodegenerative disorders 
such as Alzheimer’s and Parkinson diseases [5]. 
Initially, 1-methyl-4-phenyl-1, 2, 3, 6-tetrahydro-
pyridine (MPTP) was synthesized and used as 
an analgesic [6]. However, its administration to 
humans and rats has been found to cause 
Parkinson disease (PD) [7]. Administration of 
MPTP to mice causes neuronal death, and leads 
to symptoms of PD [8]. It is known that MPTP is 
a prodrug that gives rise to MPP+, a neurotoxin 
[9]. 
 
It is known that MPP+ causes degeneration of 
nigral dopaminergic neurons, and it can be used 
for the establishment of in vitro PD model [9]. In 
vitro and in vivo PD models have been 
established using MPP+ [10]. All symptoms of 
PD are produced by the administration of MPP+ 
in the cells as well as in animal models [10]. In 
the present study, the neuroprotective effect of 
thiamine-triethylorthoformate (TTO) conjugate 
was investigated in vitro on PD astrocytes, and in 
vivo in PD mice model.  
 
EXPERIMENTAL 
 
Animals 
 
A total of 30 male BALB/c mice (8 – 10 weeks 
old, and weighing about 20 g each) were 
purchased from the Laboratory of Shanghai 
Animal Co. (SLAC, Shanghai, China). The mice 
were acclimatized to the laboratory environment 
at a temperature of 25 ± 2 ∘C and humidity of 55 
% under 12 h light/12h dark cycle. They were 
provided free access to standard laboratory diet 
and water. The animal experiments were carried 
out in accordance with the guidelines issued by 
the National Institutes of Health [11], with 
approval from the Committee for Animal Care 
and Use, Tongji University, Shanghai (approval 
no. STU/0017/103).   
 
Experimental design 
 
The mice were assigned randomly to six groups 
(5 mice per group): negative control, untreated 
(MPTP) and three treatment groups (0.5 mg/kg 
TTO and MPTP; 1.0 mg/kg TTO and MPTP; 1.5 
mg/kg TTO and MPTP, and 2.0 mg/kg TTO and 
MPTP). The mice model of PD was prepared by 
injecting MPTP at a dose of 30 mg/kg daily for 5 

days through the intra-peritoneal route. 
Thiamine-triethylorthoformate conjugate was 
injected to the mice in the treatment groups only 
on the first day, 45 min before MPTP 
administration. The mice in the treatment groups 
were injected with normal saline alone. 
Behavioural changes in the mice were assessed 
two days before, and 2, 4, 8 and 12 days after 
MPTP injection. 
 
Climbing test 
 
The pole test was used for the determination of 
climbing time of mice [11]. In this test, a ball was 
fixed over the top of a wooden pole about 50 cm 
in length and 1 cm width. The radius of the ball 
was 1.25 cm, and on this ball the mice were 
placed so as to measure to time taken in getting 
down from it. If a mouse stopped or climbed in 
reverse direction, the experiment was repeated. 
The experiment was carried out three times 
every day for each mouse. 
 
Suspension test 
 
Traction test was used for determination of hang 
time of the mice [12]. In this test, the mice were 
suspended horizontally 30 cm above the ground 
using the hanging platform. The suspension 
score was determined using the following criteria: 
0 - 4 s = 0 point; 5 - 9 s = 1 point; 10 - 14 s = 2 
points; 15 - 19 s = 3 points; 20 - 24 s = 4 points; 
25 - 29 s = 5 points, and above 30 s = 6 points. 
 
Determination of swimming time 
 
The mice were placed in a small swimming pool 
of dimensions 20 x 30 x 20 cm. The temperature 
of the pool was adjusted to 30 ± 2˚C, and swim 
time was determined according to the procedure 
reported earlier [13]. The swimming score of 
mice was recorded over 1 min as follows: 
occasional swimming while floating mostly was 
scored 1 point; occasional swimming was scored 
1.5 points, floating for more than half of the time 
was scored 2 points, swimming most of the time 
was scored 2.5 points, and successive swimming 
was scored 3 points. 
 
Astrocyte collection and culture 
 
The cerebral cortex of mice on postnatal day 5 
was minced in DMEM medium supplemented 
with 20 μg/mL DNase and bovine serum 
albumin. Digestion of the tissues was achieved 
by treatment with 0.25 % trypsin for 45 min at 37 
˚C. Filtration of the tissue suspension was 
followed by centrifugation. Subsequently, the 
pellets were put into a DMEM medium containing 
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FBS and 1 % each of penicillin and streptomycin. 
The suspension was then transferred into the 
flasks and subjected to incubation under 
humidified atmosphere at 37 ˚C. After reaching 
confluence, the microglia cells were removed 
from the flasks. The astrocytes were washed 
three times with PBS, trypsinized and then 
collected. Then, the astrocytes were cultured in 
DMEM/F12 separately at 37 ˚C under 5 % CO2 
atmosphere. The PD astrocyte model was 
prepared by incubation in DMEM medium 
containing 4 mM/L MPP+. The astrocytes were 
cultured for 48 h in DMEM medium containing 1, 
2, 3, 4, 5, 6 and 10 µM TTO. 
 
MTT assay 
 
The astrocytes at a density of 1 x 105 cells/ml in 
200 μL of cell suspension were seeded in 96-well 
plates. After 24 h of incubation in DMEM 
medium, the cells were transferred to the new 
medium containing MPTP. The medium was 
mixed with TTO at concentrations of 1, 2, 3, 4, 5, 
6 and 10 µM, and incubated for 48 h. Then, MTT 
solution (5 mg/mL, 20 μl) was added to each well 
of the plate and incubation was continued for 4 h. 
The plates were washed in PBS, and treated with 
DMSO (150 μl/well). Absorbance was recorded 
for each well of the microtiter plate using Bio-Rad 
iMark plate reader at a wavelength of 455 nm. 
 
Flow cytometric analysis 
 
Assessment of apoptosis induction in astrocytes 
was performed using Annexin V/FITC kit (BD 
Biosciences, San Jose, CA, USA) in accordance 
with the manufacturer's instructions. The 
astrocytes were collected after treatment and 
treated with HEPES binding buffer at room 
temperature for 25 min. The buffer contained 
Annexin/V-FITC and PI. FACSCanto™ flow 
cytometer (BD Biosciences) was used for the 
analysis of cells and determination of apoptosis. 
 
Western blotting 
 
The astrocytes were lysed after washing with 
PBS, treated with pre-cold PBS, and subjected to 
homogenisation with RIPA lysis buffer containing 
inhibitors of protease and phosphatase. The 
lysate samples were collected and separated 
using gel electrophoresis on sodium dodecyl 
sulfate polyacrylamide (SDS-PAGE), and 
transferred onto polyvinylidene fluoride (PVDF) 
membrane (Millipore, Bedford, USA). The 
membrane non-specific sites were blocked by 
incubation with Tris-Buffered Saline and Tween-
20 (TBST). The membrane was then incubated 
over night at 4˚C with primary antibodies against 
JNK, caspase-3, Bax and Bcl-2, with β-actin as 

control. The membrane was then washed twice 
with PBS and incubated for 1 h at room 
temperature with horse radish peroxidase 
(HRP)-conjugated secondary antibody. 
 
Statistical analysis 
 
Data are presented as mean ± standard 
deviation of three experiments performed 
independently. Student's t-test and one-way 
ANOVA were used for determination of 
differences between the groups. The SPSS v17 
software (SPSS, Inc., Chicago, IL, USA) was 
used for statistical analysis of the data. 
Differences were considered statistically 
significant at p < 0.05.  
 
RESULTS 
 
Movement defect in PD mice model was 
attenuated by TTO treatment 
 
Pole test showed that the time taken for climbing 
by the mice in negative control and PD groups 
was almost equal before and after 2 days of 
MPTP-administration (Figure 1). However, the 
time taken for climbing by the mice in untreated 
PD group increased markedly from day 6 to day 
12, when compared to the negative control mice. 
Pre-treatment of PD mice with TTO led to 
decrease in climbing time in dose-dependent 
manner, relative to untreated mice. The time 
taken for climbing by the mice in 2.0 mg/kg group 
on day 12 was almost equal to that of that of the 
negative control group. 
 

 
 
Figure 1: TTO treatment prevented MPTP-induced 
movement defect. The mice were injected 0.5, 1.0, 1.5 
and 2.0 mg/kg doses of TTO or normal saline 
(untreated) prior to MPTP administration 
 
Effect of TTO treatment on suspension 
deficiency 
 
Traction test revealed that suspension score was 
almost equal for mice in the negative control and 
PD groups before and after 2 days of MPTP-
administration (Figure 2). The suspension score 
was markedly lower for untreated PD mice from 
day 6 to day 12, when compared to the negative 
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control mice. On the other hand, TTO treatment 
of PD mice increased the suspension score 
significantly, when compared to the untreated PD 
group. The suspension scores for mice in 2.0 
mg/kg TTO treatment group and that of mice in 
the negative control mice were almost similar on 
day 12. 
 

 
 
Figure 2: TTO-pre-treatment prevented 
MPTP-mediated decrease in suspension score. The 
mice were injected 0.5, 1.0, 1.5 and 2.0 mg/kg doses 
of TTO or normal saline (untreated) prior to MPTP 
administration. Determination of suspension score was 
performed using traction test 
 
Effect of TTO treatment on swimming score  
 
Results from the swimming test revealed that 
swimming score was similar for the mice in the 
negative control and PD groups before and after 
2 days of MPTP-administration (Figure 3). A 
significant decrease in the swimming score for 
untreated PD group was recorded from day 6 to 
day 12. In the PD mice treated with TTO, the 
swimming score was markedly increased, when 
compared to the untreated PD mice. Treatment 
of PD mice with 2.0 mg/kg TTO increased 
swimming score to the level of negative control 
group. 
 

 
 
Figure 3: TTO-pre-treatment attenuated 
MPTP-mediated decrease in swimming score. The 
mice were injected with TTO at doses of 0.5, 1.0, 1.5 
and 2.0 mg/kg doses, or with normal saline (untreated) 
prior to MPTP administration. Swimming score was 
measured for all the mice 
 
Treatment with TTO attenuated inhibition of 
primary astrocyte proliferation by MPTP 
 
Treatment of astrocytes with TTO showed no 
effect on primary astrocyte proliferation, when 

compared with the negative control cells (Figure 
4). However, the proliferation of astrocytes was 
significantly decreased on incubation with MPP. 
Pre-treatment of astrocytes with TTO attenuated 
the effect of MPP on proliferation. The 
proliferation of astrocytes incubated with MPP 
increased significantly on pre-treatment with 
TTO, when compared cultures incubated with 
MPP alone. Moreover, TTO attenuated the effect 
of MPP on proliferation in a concentration-based 
manner. The astrocytes were pre-treated with 1, 
2, 3, 4, 5, 6 and 10 µM TTO for 48 h and then 
incubated with MPP. The effect of MPP on 
astrocyte proliferation was completely inhibited 
on treatment with 10 µM TTO. 
 

 
 
Figure 4: TTO inhibited MPP-mediated decrease in 
astrocyte proliferation. Astrocytes were treated with 1, 
2, 3, 4, 5, 6 and 10 µM TTO for 48 h prior to incubation 
with MPTP. The negative control astrocytes were 
incubated with DMSO alone; *p < 0.05, **p < 0.02 and 
***p < 0.01, relative to negative control 
 
TTO inhibited apoptosis induction in 
astrocytes by MPP 
 
Incubation of astrocytes with MPP significantly 
induced apoptosis. However, TTO pre-treatment 
attenuated the apoptosis-inducing effect of MPP 
on astrocytes. The apoptosis inducing effect of 
MPP was completely attenuated by pre-
treatment of astrocytes with 10 µM TTO for 48 h 
(Figure 5). 
 

 
 
Figure 5: TTO blocked apoptosis induction by MPP in 
astrocytes. Astrocytes were treated with 1, 2, 3, 4, 5, 6 
and 10 µM TTO for 48 h prior to incubation with 
MPTP. The negative control astrocytes were 
incubated with DMSO alone. Annexin V-FITC/PI 
staining was used for the assessment of apoptosis 
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TTO regulated activation of JNK and 
Bax/Bcl-2 ratio in astrocytes 
 
Western blotting showed up-regulation of JNK in 
astrocytes on exposure to MPP. The JNK 
activation was decreased on pre-treatment with 
TTO for 48 h. Pre-treatment of astrocytes with 10 
µM TTO reduced JNK activation to the minimum 
level, when compared to astrocytes incubated 
with MPP alone (Figure 6). Incubation of 
astrocytes with MPP led to a marked increase in 
the expression of Bax, and significant decrease 
in Bcl-2 level (Figure 6). However, in the TTO 
pre-treated astrocytes, the effect of MPP on Bax 
and Bcl-2 was reversed: TTO pre-treatment of 
astrocytes for 48 h decreased Bax and increased 
Bcl-2 expressions, when compared to those 
cultured with MPP alone. Thus, TTO pre-
treatment regulated the ratio of Bax/Bcl-2 in the 
astrocytes.  
 

 
 
Figure 6: TTO treatment attenuated Bax/Bcl-2 ratio 
and JNK activation. Astrocytes were treated with 1, 2, 
3, 4, 5, 6 and 10 µM TTO for 48 h prior to incubation 
with MPTP. The negative control astrocytes were 
incubated with DMSO alone. Western blotting was 
used for the assessment of Bax, Bcl-2 and JNK 
expressions in astrocytes 
 
TTO regulated caspase-3 level in astrocytes 
 
The expression of cleaved caspase-3 was 
increased markedly in astrocytes on incubation 
with MPP (Figure 7). However, TTO pre-
treatment of astrocytes decreased MPP-induced 
up-regulation of cleaved caspase-3. The 
decrease in the expression of cleaved caspase-3 
was maximum in the astrocyte cultures pre-
treated with 10 μM TTO. 
 
DISCUSSION 
 
The present study investigated the effect of TTO 
on PD in a mouse model in vivo, and on 
astrocyte proliferation and apoptosis in vitro. PD 
mouse model was prepared by administration of 
MPP to mice using established methods [11-13]. 
It has been reported that mice with PD took more 
time in pole climbing test and scored low in 
swimming test, when compared to normal mice 

[11-13]. It is has also been reported that in 
suspension test, the time taken by the PD mice 
was less than the time taken by normal mice [11-
13]. 
 

 
 
Figure 7: Regulation of caspase-3 level by TTO. After 
incubation with 1, 2, 3, 4, 5, 6 and 10 µM TTO for 48 h, 
astrocytes were cultured in a medium containing 
MPTP. The negative control astrocytes were 
incubated with DMSO alone. (A) Caspase-3 
expression in astrocytes, as determined with Western 
blotting; (B) Quantification of the expression level of 
caspase-3; *p < 0.05, **p < 0.02 and ***p < 0.01, 
relative to negative control 
 
In the present study, MPP administration to mice 
led to increase in pole climbing time and increase 
in swimming score from day 2, when compared 
to the negative control group. The suspension 
score was lower in mice administered MPP than 
in mice in the negative control group. These 
findings confirmed the establishment of PD 
mouse model after MPP administration. 
Treatment of the PD mice with TTO led to 
decrease in climbing time, relative to untreated 
mice.  
 
At higher concentrations of TTO, the time taken 
for climbing by the mice was almost equal to that 
taken by mice in negative control group. The 
swimming score for PD mice increased 
significantly on treatment with TTO, when 
compared with that of mice in untreated group. In 
addition, TTO treatment of PD mice significantly 
increased the suspension score, when compared 
to the untreated PD group. The suspension 
scores for TTO-treated PD mice and the negative 
control group were almost equal on day 12. 
Therefore, TTO treatment of PD mice led to a 
marked improvement in the MPP-induced 
behavioural changes.  
 
In order to understand the mechanism involved 
in the improvement of MPP-induced behavioural 
changes in mice model by TTO, the astrocytes 
were treated with TTO for 48 h prior to incubation 
with MPP. Incubation of astrocytes with MPP 
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caused a significant decrease in proliferation, 
when compared to the negative control cells. On 
the other hand, TTO pre-treatment of astrocytes 
prevented MPP-induced decrease in 
proliferation. Moreover, the apoptosis induction in 
astrocytes on incubation with MPP was also 
inhibited by TTO pre-treatment. Thus, TTO 
protected the astrocytes against MPP-induced 
cytotoxicity.  
 
Activation of JNK pathway has been found to be 
associated with the stress induced apoptosis 
such as removal of nerve growth factor [14,15]. 
The activation of JNK pathway has been 
reported in mice after MPTP administration 
[16,17]. Phosphorylation of JNK leads to the 
induction of cell apoptosis [18]. In the present 
study, incubation of astrocytes with MPTP led to 
a marked increase in JNK activation. The 
expression of p-JNK was found to be higher in 
the astrocytes incubated with MPTP. However, 
TTO treatment of astrocytes prior to incubation 
with MPTP decreased the phosphorylation of 
JNK. These results suggest that TTO inhibited 
apoptosis induction in astrocytes through down-
regulation of JNK-pathway. 
 
Studies have shown that incubation of the 
astrocytes with MPTP led to activation of the 
tumor-suppressor protein, p53 which in turn 
interacts with JNK to promote the expression of 
Bax [19,20]. In the present study, incubation of 
astrocytes with MPP+ increased the expression 
of Bax and decreased the level of Bcl-2. This led 
to increase in the ratio of Bax/Bcl-2 in astrocytes 
by incubation with MPP+. Increases in the ratio 
of Bax/Bcl-2 have been reported to induce 
apoptosis in astrocytes after incubation with 
MPP+ [21]. Pre-treatment of the astrocytes with 
TTO prior to incubation with MPP+ decreased 
Bax expression and enhanced Bcl-2 expression 
level. Thus, TTO pre-treatment regulated the 
Bax/Bcl-2 ratio in the astrocytes incubated with 
MPP+. It appears that TTO regulated Bax/Bcl-2 
ratio through the down-regulation of JNK 
phosphorylation. 
 
During cell apoptosis, the level of activated 
caspase-3 is markedly higher than its level in 
normal cells [22]. In the present study, the level 
of activated caspase-3 was found to be higher in 
astrocytes incubated with MPP+ than in negative 
control astrocytes. However, TTO treatment of 
the astrocytes prior to incubation with MPP+ 
inhibited activation of caspase-3. 
 
CONCLUSION 
 
These results demonstrate that TTO prevents 
MPP+-induced neuronal damage in vivo in a 

mice model, and in vitro in astrocytes. The 
neuro-protective effect of TTO involves down-
regulation of JNK activation, inhibition of 
caspase-3 activation, decrease in Bax level and 
increase in Bcl-2 expression. Thus, TTO may be 
suitable for the management of Parkinson 
disease. 
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