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ABSTRACT

Parkinson’s disease (PD) is a neurodegenerative disease whereby there
Is the characteristic progressive degeneration of dopaminergic neurons in the
substantia nigra pars compacta (SNpc) leading to motor deficiencies. The
1-methyl-4-phenyl-1, 2, 3, 6-tetrahydropyridine (MPTP), is the neurotoxin that
was used to induce the mice to be models of PD. Thunbergia laurifolia Lindl.
(TL) is a Thai herbal medicine which is used for reducing the effects of toxins.
This study aims to find out whether TL leaf extract can prevent the onset of PD
motor impairments due to MPTP by using pre TL and post TL treatments and
observing the mouse’s latency times on the Rotarod test, the frequency of
movements on the Motor Activity Test, and the numbers of the dopaminergic
neurons on the tyrosine hydroxylase immunoreaction (THir") The results
showed that the latency times and motor activity of the pre TL treated group
were significantly higher than that of the pre-vehicle treated group at P < 0.01.
On the other hand, there was no difference between those of the post TL and
the post vehicle treated groups. The number of THir" neurons of pre TL and
post TL treated groups were significantly higher than that of their vehicle
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treated groups, yet the number of the pre TL treated group was less different
(P < 0.05) than that of the post TL treated group (P < 0.01) when compared
with the control. In conclusion, we have determined that the pre-treatment of
TL extract in the MPTP mouse model of PD alleviates motor impairments.

Keywords: Thunbergia Laurifolia Lind., Motor impairments, Parkinson’s
disease, Dopaminergic neurons

INTRODUCTION

Parkinson’s Disease (PD) is a chronic progressive neurodegenerative
disorder that occurs when there is a dopaminergic neuronal loss in the substantia
nigra pars compacta (SNpc). It is characterized by motor abnormalities including
tremors, muscular rigidity, bradykinesia, and postural abnormalities (Jankovic,
2008). The most common toxin which is used for inducing PD in animal models
Is 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) (Philippens et al., 2010;
Tieu, 2011; Blandini and Armentero, 2012; Kasahara et al., 2013). This toxin
endangers the dopaminergic neurons in the SNpc leading to dopaminergic
neurotransmitter synthesis loss occurrences that are found in PD. It was found
that the dopaminergic neurons in SNpc in PD had decreased which is indicated
by the presence of immunoreactive tyrosine hydroxylase (THir") cells (Kozina
etal., 2014; Alamet al., 2017). The motor function and behavior of animals with
PD are accessed by Rotarod and Motor Activity Tests which are found to be
significantly different from those of normal animals (Hutter-Saunders et al.,
2012).

Thunbergia laurifolia Lindl. (TL) or “Rang chuet” is known as a Thai herb
medicinal plant which is well known for its detoxification qualities. TL is used to
treat poisonings that can occur from insecticides, arsenic, alcohol, chemicals,
drugs, food, and water (Junsi and Siripongvutilorn, 2016). Usanawarong et al.
(2000) indicated that aqueous TL leaf extract can reduce toxicity in paraquat
Intoxicated rats. Tangpong and Satarug (2010) also found that TL leaf extract
attenuated the neuronal degeneration in the hippocampus and restored memory
loss of lead intoxicated rats. Not only is it used detoxify poisons, TL also has
several pharmacological properties being an anti-inflammatory, an anti-oxidant,
an anti-microbial, and an anti-nociceptive agent (Chan et al., 2011,
Boonyarikpunchai et al., 2014). Thongsaard and Marsden (2013) found that TL
extract increased extracellular dopamine levels in striatum.

The acute MPTP mouse model of PD was induced by intraperitoneal
injections (i.p.) of MPTP at 20 mg/kg of body weight (BW), 4 times every 2
hours, as has been done in previous study (Lee et al., 2017). This model of PD
represents the earliest phase of PD which is indicated by having 53% of the
dopaminergic neurons compared to that of a normal subject (Pain et al., 2013),
and having a 40% to 90% deficiency in dopamine neurotransmitters (Jackson-
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Lewis and Przedborski 2007). The acute model of PD has been used to study the
neuroprotective effects and properties for improving motor abnormalities using
‘Jitai Tablet’, a traditional Chinese medicine (Liu et al., 2014) and “ Combretum
leprosum mart”, a Brazilian medicinal plant (Moraes et al., 2016). However, these
properties have not yet been studied using Thai medicinal plants such as ‘Rang
chuet’. We hypothesize that the TL extract could prevent the occurrence of
Parkinson’s disease in mouse induced by MPTP. We investigated whether TL
extract is a protective agent for attenuating the motor dysfunction and neuronal
degeneration in the MPTP mouse model of PD.

MATERIALS AND METHODS

Preparation of Thunbergia laurifolia Lindl. (TL) leaves extracts

Fresh TL leaves were harvested from an area in Sing Buri Province,
Thailand. Its dried form was collected as a voucher specimen (QBG. No. 104862)
and was stored at Queen Sirikit Botanic Garden Herbarium (QBG), Ministry of
Natural Resources and Environment, using the scientific name that was identified
at Ethnobotany and Northern Thai Flora Laboratory, Department of Biology,
Faculty of Science, Chiang Mai University. The fresh TL leaves were thoroughly
washed and dried in a hot-air oven at 40-50 ° C for 2-3 days, or until the leaves
had completely dried. The dried leaves were ground into a fine powder. The
powder was extracted with absolute ethanol. The container of the extract solution
was put into a shaker set at slow speed for 4 hours every 4 days. The crude TL
extract solution was filtered using Whatman No. 1 filter paper. The sample of the
TL extract solution was analyzed for the total anti-oxidant agents as 106.0 mg/L
and total phenolic compounds 290.59 pg/ml by the Research Laboratory for
Analytical Instrument and Electrochemical (AIE). The final solution of the TL
extract was dried in a rotary evaporator (Heidolph model. MX07R-20-HD2E,
USA), and then was lyophilized in a freeze dryer. The dried TL extract was diluted
with Tween 80 solution before being used as a dilution of 200 mg/ kg of BW. The
rest of dried TL extract was stored at -20 ° C.

Animal and experiment protocol

A total of 30 male C57BL/6 mice (Nomura Siam International, Thailand),
aged 5 weeks weighing between 20-25 g., were used. All mice were caged in
controlled conditions having a cycle of 12 hours of darkness and 12 hours of light
with temperature set at 25 °C. They were allowed free access to food and water.
The study protocol was approved by the Animal Ethics Committee of the Faculty
of Medicine, Chiang Mai University (Approved Protocol No. 26/2560).

The mice were randomly divided into 5 groups (n=6): (1) control group;
mice received saline via an IP injection, (2) MPTP + pre Tween 80 group; mice
received Tween 80 as a “vehicle” before the MPTP injection (3) MPTP + pre TL
group; mice received TL extract before the MPTP injection, (4) MPTP + post
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Tween 80 group; mice received Tween 80 after MPTP injection and (5) MPTP +
post TL group; mice received TL extract after the MPTP injection.

Mice in this study were induced to be the acute model of PD on day 8 of
the experimental period of 15 days by the IP injections of the MPTP at 20 mg/kg
of BW, 4 times every 2 hours as done by Lee (2017). For the pre-treatment
strategy, the i.p. injection of TL extract with a dilution of 200 mg/kg of body
weight and Tween 80 of the same volume were given to the mice for one week
(day 1-7) before the MPTP injection. For post treatment strategy, the TL extract
and Tween 80 were given to mice for 1 week (day 8-14) after the last dose of the
MPTP inducing (Figure 1). All mice were tested for their motor co-ordination
and motor movement using the Rotarod Test and Motor Activity monitor or the
Open Field Test, respectively. The latency times on the rotarod and the motor
activity, or frequency of movement were recorded at day 0, day 7 (one day before
the MPTP IP injection), day 9 (one day after the MPTP IP injection), and day 15
(one week after the MPTP IP injection). All mice were sacrificed on the following
day and their brains were extracted. Immunofluorescence analysis was then
performed to review the number of THir" neurons in SNpc.

Rotarod & Motor Activity Tests
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Figure 1. The experimental design shows the pre- and post-treatment strategies.
The TL extract or Tween 80 was given to mice for 7 days before and
after the MPTP inducing to be PD in the pre-treated and post-treated
mouse groups, respectively. The Rotarod and Motor Activity Tests
were examined in all groups onday 0, 7, 9 and 15. MPTP; the 1-methyl-
4-phenyl-1,2,3,6-tetrahydropyridine, TL; Thunbergia laurifolia Lindl.

Behavioral analysis and brain tissue preparation

Rotarod test. Thirty minutes before the trial, mice of each group were
selected, and were also allowed to rest before test. The mice were placed on the
rotating bars of a Rotarod unit (7750, UGO BASILE). The rotation speed
increased steadily at a rate of 4, 12, 19, 26, 33, and finally 40 rounds per minute.
The time that the mice were spent on the rotating bar before falling down was
recorded as the latency time in seconds.
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Motor activity test. The motor activity was estimated in an automated
frame box (25x25 cm?, frame) containing an infrared beam (LE8825, PANLAB).
One hour before the trail, the mice of each group were randomly selected and
were then allowed to rest before the test. The tested mice were placed in the frame
box for 15 minutes. The frequency of mouse movement was detected by beams
connected to a monitor analyzer.

Perfusion and sectioning

Following the 15 day experimental period, the control mice and induced
mice were given a lethal dose of ether and were perfused transcardially with the
phosphate buffer (PB) solution, followed by a fixative of 4% paraformaldehyde,
pH 7.4. After the perfusions were performed, the brains were removed from the
skulls. Brains were cut into 50 pm thick coronal sections using a Vibratome
(Leica 1200s). The brain sections were collected from rostral to caudal sections
every 5" section in PB.

Immunofluorescence and the labeling of the dopaminergic neurons in SNpc

To reveal the dopaminergic neurons, one row of brain sections from three
mouse brains of each group were processed by immunofluorescence. The sections
were incubated in a solution of 3% hydrogen peroxide (H,O,) in methanol one
hour to eliminate any endogenous peroxidase activity. It was then washed 3 times
in 0.1 M PB for 10 minutes. The sections of each group were immersed in
blocking buffer containing 10% normal goat serum (NGS), 0.1% Triton X-100 in
PBS for 60 minutes and then were incubated in a solution containing the mouse
monoclonal primary antibody to tyrosine hydroxylase (TH) (65 106M4874V,
Sigma) at a dilution of 1:1,500 at 4°C overnight. The incubated sections were
subsequently rinsed 3 times in 0.1 M PB for 10 minutes and then were placed in
a solution containing the goat anti-mouse 1gG (H+L) secondary antibody,
Rhodamine conjugate (Catalog No. 31660, Thermo Fisher) at a dilution of 1:100
for one hour. The sections were then washed in 0.1 M PB and mounted on a slide.
The TH immunoreactive (THir") cells in the SNpc of all groups were examined
under a fluorescent microscope. The photos of THir* cells in SNpc were taken.
THir+ cells were indicated as cells containing TH antigen-antibody complexes
conjugated with Rhodamine in cytoplasm and the central dark nuclei. The number
of THir" cells in all SNpc sections of each brain were counted using an Image J
program and was presented as mean x SD.

Statistical analysis

All data was presented as mean + SD. Differences among means were
analyzed using one-way analysis of variance (ANOVA) which was followed by
a post-hoc analysis with a Tukey test for multiple comparisons using an R
program. The values of P < 0.05 were considered statistically significant.
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RESULTS

Effects of TL extract on MPTP induced the motor co-ordination dysfunction

The MPTP mouse models of PD demonstrate the motor behavioral defects
including co-ordination. The Rotarod test was applied to mice in order to evaluate
their co-ordination in terms of time spent running on the rotating rod or any
latency time before falling off the rods. As shown in Figure 2, on day 0 and 7,
there were no difference of co-ordination functions in all groups. On day 9, the
latency times of the all MPTP induced mice had significantly reduced compared
to the control (P< 0.01 for the MPTP + pre TL and P < 0.001 for the rest). On day
15, there were significant differences of the latency times of the vehicle groups
(P <0.001) and the MPTP + post TL group (P < 0.05) compared to the control.
The latency time in the MPTP + pre TL had significantly increased on both day 9
(P < 0.001) and day 15 (P < 0.01) when compared to the vehicle groups.
Therefore, the pre-treatment of TL extract of 200 mg/kg of BW can improve the
coordination of the MPTP induced mice.
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Figure 2. The latency time on the rotating rod of the control, pre Tween 80, pre
TL, post Tween 80, and post TL of the MPTP induced mice on day 0,
7,9, and 15. The data of latency time (seconds) were shown as mean £
SD; n=6.***P <0.001, ** P <0.01, * P <0.05 versus the control and
### P <0.001, # P< 0.01 versus the MPTP + pre Tween 80.
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Effects of TL extract on MPTP induced deficiency in motor activity.

The frequency of movements was recorded to evaluate the motor activities
of all five groups of mice. Similar to their latency time, the motor activities of all
mice groups on day O and day 7 were not significantly different as shown in
Figure 3. The motor activities of the MPTP + pre Tween 80, MPTP + post Tween
80 and MPTP + post TL groups significantly reduced on day 9 (P < 0.001 in all
groups) and on day 15 (P <0.01, P <0.001, and P <0.05, respectively) compared
to that of the control. Obviously, the MPTP + pre TL group of mice significantly
increased their motor activity on day 9 and day 15 from the pre - vehicle groups.
Therefore, the pre TL treatment for the 7 day period before the MPTP inducing
In mice can improve their motor movements or bradykinesia of the mouse model
of PD.
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Figure 3. The frequency of movement on Motor Activity Test in 15 minutes of
mice in the control, the pre Tween 80, the pre TL, the post Tween 80,
and post TL treatments of the MPTP induced mice on day 0, 7, 9, and
15. The data of motor activity (times) is shown as mean = SD; n = 6.
*** P <0.001,** P <0.01,* P<0.05 vs. the control; * P< 0.01 vs. the
pre Tween 80+ MPTP.

Effects of TL extract on MPTP induced dopaminergic neuron depletion.
The dopaminergic neurons in SNpc can be observed by the TH immuno-
reactive (THir*) cells. All MPTP induced mice showed dopaminergic neuron
depletions as shown in Figure 4 A. The numbers of THir" cells in SNpc were
significantly reduced in all MPTP induced mice when compared to that of the
control (Figure 4B). However, that numbers of the pre TL group was less
different (P <0.05) than that of the post TL group (P < 0.01) when compared to
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that of the control. of Both pre TL and post TL groups demonstrated significant
higher numbers of THir* cells than that of their vehicle groups (P<0.001).
Therefore, the degeneration of dopaminergic neurons in SNpc was due to the
MPTP inducing that may be reversed by treatment with the TL extract.

A MPTP

Control Pre-Tween 80 Pre-TL Post-Tween 80 Post-TL

B.

cells
2501

THir+ cells in SNpc

Control Pre-Tween 80  Pre-TL  Post-Tween80  Post-7

MPTP

Figure 4. (A) The SNpc sections containing the THir* cells from the control,
MPTP + pre Tween 80, MPTP + pre TL, MPTP + post Tween 80, and
MPTP + post TL groups are demonstrated. Scale bars = 100 pum and
was applied in all panels. (B) The data of the THir" cells were shown
asmean = SD, n=6. ***P<0.001, ** P <0.01, and * P < 0.5 versus
the control. ### P < 0.001 versus the vehicle treated group. SNpc;
substantia nigra pars compacta, THir": Tyrosine hydroxylase
Immunoreactive.

DISCUSSION

This study used male C57BL/6 mice as the acute MPTP induced mouse
model of PD as has been done in previous studies (Liu et al., 2014; Guo et al.,
2016). The C57BL/6 mice were the mouse strain that is most sensitive to the toxic
effects of MPTP compared to others (Muthane et al., 1994; Hamre et al., 1999).
The MPTP was also found to be a neurodegenerative toxin in SNpc in humans
(Langston et al., 1999). Our acute mouse model of PD received four IP injections
of MPTP 20 mg/kg of body weight at 2 hour intervals. There was an
approximately 70-80% loss of dopaminergic neurons in both MPTP + pre Tween
80 and MPTP + post Tween 80 groups. These were relatively close to the previous
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studies that reported a 60-70% loss of the nigrostriatal dopaminergic neurons in
the acute mouse models of PD (Jakowec et al., 2004).

The anti-oxidant and anti-inflammation properties of TL have been reported
(Chan and Lim, 2006; Wonkchalee et al., 2012). Boonyarikpunchai et al. (2014)
found high phenolic and flavonoid compound concentrations in the ethanol and
water extraction of TL. The TL extract used in this study was ethanol extracted
TL leaves. The sample of the TL ethanol extract solution contains 106.0 mg/L
anti-oxidant and 290.59 pg/ml phenolic compounds. Thus, the effects of the TL
treatment in a PD model used in this study could obtain results concerning their
anti-oxidant properties.

This study found that the TL treatment before inducing with MPTP
attenuated the motor dysfunction such as coordination and bradykenisia of the
MPTP mouse model of PD more than the post TL treatment. These results are
similar to a previous study which reported that rats fed with TL extract prior to
cadmium explosion demonstrated less motor abnormality than those rats fed with
TL extract after the cd explosion (Ruangyuttikarna et al., 2013).

Our results demonstrated that after one week of the MPTP injection, the
pre-treatment strategy of TL extract in the acute MPTP significantly improved
motor co-ordination and increased motor activity. On the other hand, the post-TL
treatment group and the post-vehicle group did not significantly exhibit any motor
behavior. This may be due to the fact that pre-treatment with TL extract on the
acute MPTP induced mice might reduce the toxicity the MPTP under levels that
can cause PD symptoms. Therefore, the motor improvements of MPTP models
resulted from the detoxification properties of TL in MPTP toxins. The
detoxification of TL was also supported by evidence of reduction of others toxins
such as lead (Tangpong and Satarug, 2010), paraquat (Ussanawarong et al.,
2000), and cadmium (Ruangyuttikarna et al., 2013).

The leaf TL extract was found to prevent the loss of motor and cognitive
performance resulting from lead (Pb) induced neurotoxicity in a dose dependent
pattern (Palipoch et al., 2011; Phyu and Tangpong, 2013 ), reducing the death of
the hippocampal neurons of rats poisoned by lead (Tangpong and Satarug, 2010).
Since our study used the TL extract at dose of 200 mg/kg BW to treat the MPTP
induced mice PD models, it did not significantly alleviate the dopaminergic
degeneration in both the pre- and post treatment strategies. However, the
pre-treatment with the TL extract at 200 mg/BW significantly improved
coordination and motor activity in these models. These findings might indicate
that TL extract has protective effects on MPTP induced mouse models of PD.
However, the reversed motor deficiency effects and the neuroprotective
properties of the TL extract in dose dependent manners in the MPTP induced PD
models need to be investigated further.
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CONCLUSION

The TL extract was known for its detoxification and anti-oxidant
properties. MPTP is a toxin, which is commonly used to induce PD in a mouse
model. PD is caused by dopaminergic neuron degeneration that leads to motor
impairments. The pre-treatment of TL extract of 200 mg/kg in the MPTP mouse
PD model reversed motor impairments and increased motor co-ordination and
motor activities. However, the post TL treatment did not significantly improve
motor deficits. Thus, the pre-treatment of TL extract of 200 mg/kg on MPTP for
7 days can prevent motor deficiency in the MPTP induced mouse PD model.
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