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In the present study the effect of pramipexole alginate nanodispersion (PAND) was studied on the [91_TD$DIFF]

transgenic Drosophila exhibiting the PD symptoms. The PD flies were allowed to feed on the diet having
PAND at final concentration of 1, 2 and 3mM. A dose dependent significant delay in the loss of climbing
ability and improvement in the activity was observed in PD flies. A dose dependent significant change in
the oxidative stress markers and dopamine content was also observed in the PD flies exposed to various
doses PAND.[92_TD$DIFF] The improvement in the PD symptoms was more in PD flies exposed to PAND compared to
PD flies exposed to pramipexole alone.
© 2017 Faculty of Health and Social Sciences, University of South Bohemia in Ceske Budejovice. Published

by Elsevier Sp. z o.o. All rights reserved.
Introduction

Parkinson’s disease (PD) is a common neurodegenerative
disorder characterized by the loss of dopaminergic neurons in
the substantianigra of the mid brain (Feany and Bender, 2000). It is
also classified as a movement disorder, although it may lead to
several non-motor types of symptoms such as sensory deficits,
cognitive difficulties or sleep problems (Barnett-Cowan et al.,
2010). Dopamine agonists help PD patients by reversing the
dopamine depletion and related motor deficits (Iravani et al.,
2006). Besides having protective effects against the PD symptoms
the side effects of the dopamine agonists cannot be ruled out
(Castro-Hernandez et al., 2015; Cedarbaum, 1987; Gallant et al.,
2016; Patterson et al., 2010; Rasmussen et al., 2011; Tan et al.,
2009). The side effects of the dopamine agonists have been
reported due to overdose or prolonged use of the drugs. The most
frequent adverse effects are sleep disturbances, aggravation of
dyskinesias, nausea, orthostatic hypotension, hallucinations,
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headache, dizziness (Degim et al., 2003; Rektorová et al., 2003).
The advancement of nanotechnology has led to formation of drug
nano composites that not only increase the half-life, but also the
solubility, stability and permeability of drugs (Siddique et al.,
2016a; Yang, 2010). Expression of a-synuclein in all Drosophila
neurons induces progressive locomotor deficits (Feany and Bender,
2000). The disruption of a group of 15 dopaminergic neurons per
hemisphere in the anterior medial region of the brain has been
correlated with the climbing impairments in this model (Rie-
mensperger et al., 2013). Due to ethical issues, Drosophila has been
worldwide accepted as an alternative to mammals. It has 80–90%
of similarity in the conserved domains and 75% of the disease
related genes in humans have functional orthologs (Pandey and
Nichols, 2011). The yeast based UAS (Upstream Activation
Sequences)-GAL4 system is a method for activating gene expres-
sion (Brand and Perrimon, 1993). In this system, the UAS is an
enhancer that is specifically targeted by the GAL4 protein (Lee
et al., 2013). On the basis of the bipartite approach of gene
activation the transgenic Drosophila models for disease causing
genes, such as human a-synuclein, Parkin, DJ-1, Pink 1 and LRRk2
have been generated [93_TD$DIFF]with their specific phenotypes (Guo, 2012). In
the present study the transgenic flies expressing the human alpha
synuclein under the UAS-GAL4 systemwas used to study the effect
of PAND.
in Ceske Budejovice. Published by Elsevier Sp. z o.o. All rights reserved.
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Materials and methods

Synthesis of pramipexole-alginate nanodispersion (PAND)

To prepare pramipexole-alginate nanodispersion (PAND),
40mg of pramipexole (Sigma, USA) was dissolved in 2ml of milliQ
water. Then this solution was added drop-wise into the warm
0.20% (123ml) aqueous solution of sodium alginate (Ottokemi,
India). The mixturewas then ultra-sonicated at 100Wwith 30 kHz
frequency for 5min and subjected to continuous stirring at 50 �C
for 1h. The synthesized PANDwas stored in refrigerator under dark
conditions (Siddique et al., 2016a).

Characterization

Pramipexole and synthesized pramipexole-alginate nanodis-
persion (PAND) were characterized [94_TD$DIFF]through Transmission electron
microscopy (TEM) and Fourier transform infrared (FTIR) spectros-
copy. TEM images of pramipexole drug and its nanodispersionwith
alginatewere capturedwith JEOL, JEM-2010 Transmission electron
microscope for the confirmation of nanostructure [95_TD$DIFF]formation. The
FTIR spectra of the samples were observed in the [96_TD$DIFF]wavenumber
range from 400 to 4000 cm�1

[97_TD$DIFF]using Perkin Elmer spectrometer.

Drosophila culture and crosses

The flies were cultured on standard Drosophila food containing
agar, corn meal, sugar and yeast at 25 �C (Siddique et al., 2011).
Crosses were set up using six virgin females of UAS-Hsap/SNCA.
F5B and mated to three males of elav-GAL. The progeny expressed
the human [98_TD$DIFF]a-synuclein in the neurons and the flies were referred
as Parkinson’s disease (PD) flies (Feany and Bender, 2000). All flies
taken for performing experiments were 1–3day old. The PD flies
were also exposed separately to different doses of PAND mixed in
the culture medium. PAND was added in the medium having the
final concentrations of 1, 2 and 3mM of pramipexole. As a negative
control the PD flies were allowed to feed on the diet supplemented
with 10�3M of dopamine and 3mM of pramipexole. The control
flies (UAS-Hsap/SNCA.F) were also exposed to the selected doses of
PAND to see any negative effects. All the testswere performed after
24days of the exposure.

Dopamine content

Dopamine content was measured as per the method described
by Schlumpf et al. (1974). Fifty heads of flies from each group were
taken in 500ml of HCl-butanol (0.85ml of 37%HCl in 1 l n-butanol).
After homogenization the samples were centrifuged at 3000 rpm
for 5min. After collecting the supernatant, 250ml of heptane and
100ml of 0.1M HCl were added. The samples were vortexed and
centrifuged at 3000 rpm for 5min. The upper organic phase was
discarded and the lower aqueous phase was kept for dopamine
assay. To 100ml of aqueous phase, 50ml of 0.4M HCl, 100ml of
sodium acetate buffer (pH 6.9),100ml of iodine solutionwas added
and kept for 2min. The reactionwas stopped by adding of 100ml of
sodium sulphite solution. After 2min, 100ml of acetic acid (10M)
was added and then the mixture was heated at 100 �C for 6min.
The OD was taken at 375nm after cooling the samples at room
temperature.

Drosophila climbing assay

The climbing assaywas performed according to Pendleton et al.
(2002). Ten flies were placed in each empty glass vial. After the
acclimatization for 10min at room temperature, every group was
assayed at random to a total of 10 trials for each. The number of
flies above the mark of the vial were counted after 10 s of climbing
and repeated 10 times to get the mean number.

Drosophila activity pattern analysis

From the 12th day the activity of flies (males) in all treated
groupswere analyzed by usingDrosophila ActivityMonitor (TriTek,
USA). The activity was recorded every hour for a total of 288h and
the data was analyzed by Actogram J software. The results were
presented as chi-square periodogram (Chiu et al., 2010; Rosato and
Kyriacou, 2006).

Preparation of homogenate for biochemical analysis

Fly heads from each group were isolated (50 heads/group; five
replicates/group) and the homogenate was prepared in 0.1M
phosphate buffer for the biochemical parameters.

Lipid peroxidation assay

Lipid peroxidation was measured according to the method
described by Ohkawa et al. (1978). The reaction mixture consisted
of 5ml of 10mM butyl-hydroxy toluene (BHT), 200ml of 0.67%
thiobarbituric acid, 600ml of 1% O-phosphoric acid, 105ml of
distilledwater and 90ml of supernatant. The resultantmixturewas
incubated at 90 �C for 45min and the ODwas measured at 535nm.
The results were expressed as m moles of TBARS formed/h/gram
tissue.

Estimation of glutathione-S-transferase (GST) activity

The glutathione-S-transferase activity was determined by the
method of Habig et al. (1974). The reaction mixture consists of
500ml of 0.1M phosphate buffer, 150ml of 10mM CDNB, 200ml of
10mM reduced glutathione and 50ml of supernatant. The OD was
taken at 340nm and the enzyme activity was expressed asmmoles
of CDNB conjugates/min/mg protein.

Estimation of glutathione (GSH) content

The glutathione (GSH) content was estimated colorimetrically
using Ellman’s reagent (DTNB) according to the procedure
described by Jollow et al. (1974). The supernatant was precipitated
with 4% sulphosalicyclic acid (4%) in the ratio of 1:1. The samples
were kept at 4 �C for 1h and then subjected to centrifugation at
5000 rpm for 10min at 4 �C. The assay mixture consisted of 550ml
of 0.1M phosphate buffer, 100ml of supernatant and 100ml of
DTNB. The OD was read at 412nm and the results were expressed
as m moles of GSH/gram tissue.

Estimation of protein carbonyl content (PCC)

The protein carbonyl content was estimated according to the
protocol described byHawkins et al. (2009). The brain homogenate
was diluted to a protein concentration of approx 1mg/ml. About
250ml of each diluted homogenate was taken in Eppendorf
centrifuge tubes separately. To it 250ml of 10mM 2,4-dinitro-
phenyl hydrazine (dissolved in 2.5MHCl) was added, vortexed and
kept in dark for 20min. About 125ml of 50% (w/v) trichloroacetic
acid (TCA) was added, mixed thoroughly and incubated at �20 �C
for 15min. The tubes were then centrifuged at 4 �C for 10min at
9000 rpm. The supernatant was discarded and the pellet obtained
was washed twice by ice cold ethanol: ethyl acetate (1:1). Finally,
the pellets were re-dissolved in 1ml of 6M guanidine hydrochlo-
ride and the absorbance was read at 370nm.
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Estimation of monoamine oxidase (MAO)

The method described by McEwen (1965) was used to estimate
the monoamine oxidase activity. The assay mixture consisted of
400ml of 0.1M phosphate buffer (pH 7.4), 1300ml of distilled
water, 100ml of benzylamine hydrochloride and 200ml of brain
homogenate. The assay mixture was incubated for 30min at room
temperature and then 1ml of 10% perchloric acid was added and
centrifuged at 1500g for 10min. The OD was taken at 280nm.

Assay for caspase-9 (Dronc) and caspase-3 (Drice) activities

The assay was performed according to the manufacturer
protocol with some modification (Bio-Vision, CA, USA). The assay
was based on spectrophotometric detection of the chromophore p-
nitroanilide (pNA) obtained after specific action of caspase-3 and
caspase-9 on tetrapeptide substrates, DEVD-pNA and [99_TD$DIFF]LEHD-pNA,
respectively. The assay mixture consisted of 50ml of brain
homogenate and 50ml of chilled cell lysis buffer incubated on
ice for 10min. After incubation, 50ml of 2� reaction buffer
(containing 10mM DTT) with 200mM substrate (DEVD-pNA for
Drice, and [99_TD$DIFF]LEHD-pNA for Dronc) was added and incubated at 37 �C
for 1.5 h. The reaction was quantified at 405nm.

Statistical analysis

The statistical analysis was done by post hoc Dunnett’s test
using SPSS 16.
[(Fig._1)TD$FIG]

Fig. 1. [83_TD$DIFF]TEM images (A, B), and FTIR spectra (C) of pramip
Results

The results of TEM [100_TD$DIFF]measurement indicate the successful
conversion of the parent pramipexole drug molecules into the
nanoparticles of average size [101_TD$DIFF]� 20nm as displayed in Fig. 1A and B.
The various interactions between the drug and its nanodispersion
with alginate were established by [102_TD$DIFF]monitoring shift in the
vibrational frequencies [103_TD$DIFF]of the molecules through IR spectroscopy.
The typical IR spectrum of the parent pramipexole drug is
presented several characteristics [104_TD$DIFF]peaks as shown in Fig. 1C. It
has a prominent stretching [105_TD$DIFF]vibrational band at�1630 cm�1, which [106_TD$DIFF]

is assigned to C¼N stretching of azomethine group. While various
characteristic peaks of pramipexole drug shifted/modified to [107_TD$DIFF]the
different wavenumber by transforming it into nanoregime with
alginate [108_TD$DIFF](PAND) (Papadimitriou et al., 2008). This is suggesting the
involvement of azomethine group (>C¼N) group in [109_TD$DIFF]the nano-
dispersion formation via the reduction of electron density on
nitrogen. In addition, broaden peak corresponds to hydroxyl group
(OH) at 2800–3400 cm�1 demonstrating a shift to higher wave-
numbers in [110_TD$DIFF]the nanodispersion sample. This may be attributed to
the proton displacement from the phenolic OH group on
complexion.

The results obtained for the dopamine content are shown in
Fig. 2. The PD flies showed a significant decrease of 1.92 fold
compared to control flies (Fig. 2; p<0.01). The exposure of PD flies
to PAND having pramipexole concentration of 1mM, 2mM and
3mM showed a 1.23, 1.36 and 1.51 folds increase in the dopamine
content compared to unexposed PD flies (Fig. 2; p<0.05). The
exposure of 3mM of pramipexole alone showed an increase of 1.22
fold in the dopamine content compared to unexposed PD flies
exole and its nanodispersion with alginate (PAND).
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Fig. 2. Effect of pramipexole alginate nanodispersion (PAND) on the dopamine content in the brains of flies. The flies were allowed to feed on the diet supplemented with [84_TD$DIFF]

PAND for 24days and then assayed for dopamine content. (a significant difference with respect to control, p<0.01; b significant difference with respect to PD flies p<0.05;
c significant difference with respect to PD flies exposed to only pramipexole p<0.05; d significant difference with respect to control, p<0.05; P: pramipexole; Dopamine:
10�3M; N=50).
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(Fig. 2; p<0.05). The exposure of 10�3M of dopamine showed an
increase of 1.25 fold compared to unexposed PD flies (Fig. 2;
p<0.05).

The results obtained for climbing ability are shown in Fig. 3. The
PD flies showed a 4.73 fold decrease in the climbing ability
compared to control flies (Fig. 3; p<0.01). The PD flies exposed to
PAND having the pramipexole concentration of 1mM, 2mM and
3mM also showed a 2.73, 3.15 and 3.36 folds delay in the loss of
climbing ability compared to PD flies (Fig. 3; p<0.05). The
exposure of PD flies to 3mM of pramipexole alone showed a 2.42
fold delay in the loss of climbing ability compared to unexposed PD
flies (Fig. 3; p<0.05). The exposure of PD flies to 10�3 M of
dopamine showed a 3.10 fold decrease compared to unexposed PD
flies (Fig. 3; p<0.05). The results obtained on the activity pattern
are shown Figs. S1–S11. The PDflies showed a decline in the activity
[(Fig._3)TD$FIG]

Fig. 3. Effect of pramipexole alginate nanodispersion (PAND) on the climbing ability. The
assayed for climbing ability. The values are the mean of 5 assays. (a significant differen
p<0.05; c significant difference with respect to PD flies exposed to only pramipexole
Dopamine: 10�3M; N =50).
(Fig. S2) as the age of the PD flies increases compared to the control
flies (Fig. S1). The PD flies exposed to various doses of PAND
showed a dose dependent delay in the activity (Figs. S3–S5)
compared to unexposed PD flies (Fig. S2). No significant change in
the activity was observed in the control flies exposed to various
doses of PAND.

The results obtained for lipid peroxidation (LPO) are shown in
Fig. 4A. The PD flies showed a 3 fold increase in LPO compared to
control flies (Fig. 4A; p<0.01). The exposure of PD flies to PAND
having pramipexole concentration of 1mM, 2mM and 3mM
showed a dose dependent decrease of 1.50, 1.95 and 2.43 folds
respectively compared to unexposed PD flies (Fig. 4A; p<0.05).
The exposure of PD flies to 10�3M of dopamine showed a 1.5 fold
decrease in LPO compared to unexposed PD flies (Fig. 4A; p<0.05).
The exposure of PD flies to 3mMof pramipexole showed a 1.34 fold
flies were allowed to feed on the diet supplementedwith [84_TD$DIFF]PAND for 24days and then
ce with respect to control, p<0.01; b significant difference with respect to PD flies
p<0.05; d significant difference with respect to control, p<0.05; P: pramipexole;
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Fig. 4. Effectofpramipexolealginatenanodispersion(PAND)onthelipidperoxidation
(A), GSTcontent (B), GSH activity (C) and PC content (D) and in the brains of flies. The
flies were allowed to feed on the diet supplemented with [84_TD$DIFF]PAND for 24days and then
assayed for LPO,GSTactivity, PCandGSHcontent. (a significantdifferencewith respect
to control, p<0.01; b significant difference with respect to PD flies p<0.05;
c significant differencewith respect to PDflies exposed toonlypramipexole p<0.05;
d significant differencewith respect to control, p<0.05; P: pramipexole; Dopamine:
10�3M; N=50).
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decrease in LPO compared to unexposed PD flies (Fig. 4A; p<0.05).
The results obtained for GST activity are shown in Fig. 4B. The PD
flies showed a 2.61 fold increase in GST activity compared to
control flies (Fig. 4B; p<0.01). The exposure of PD flies to PAND
having pramipexole concentration of 1mM, 2mM and 3mM
showed a dose dependent 1.30, 1.68 and 2.07 folds decrease
respectively in the GST activity compared to unexposed PD flies
(Fig. 4B; p<0.05). The exposure of 3mM of pramipexole alone to
PD flies showed a 1.23 fold decrease compared to unexposed PD
flies (Fig. 4B; p<0.05). The exposure of PD flies to 10�3 M of
dopamine showed a 1.45 fold decrease in the activity of GST
compared to unexposed PD flies (Fig. 4B; p<0.05). The results
obtained for GSH content are shown in Fig. 4C. The PD flies showed
a 1.69 fold decrease in the GSH content compared to control flies
(Fig. 4C; p<0.01). The exposure of PD flies to PAND having
pramipexole concentration of 1mM, 2mM and 3mM showed a
1.30, 1.38 and 1.49 folds dose dependent significantly increase
respectively in the GSH content compared to unexposed PD flies
(Fig. 4C; p<0.05). The exposure of PD flies to 3mM of pramipexole
showed a 1.23 fold increase in the GSH content compared to
unexposed PD flies (Fig. 4C; p<0.05). The exposure of PD flies to
10�3Mof dopamine showed a 1.23 fold increase in the GSH content
compared to unexposed PD flies (Fig. 4C; p<0.05). The results
obtained for PC content are shown in Fig. 4D. The PD flies showed a
2.1 fold increase in PC content compared to control flies (Fig. 4D;
p<0.01). The exposure of PD flies to PAND having pramipexole
concentration of 1mM, 2mM and 3mM showed a dose dependent
significant decrease of 1.16, 1.40 and 1.61 folds respectively,
compared to unexposed PD flies (Fig. 4D; p<0.05). The exposure of
PD flies to 3mM of pramipexole showed a 1.2 fold decrease in the
PC content compared to unexposed PD flies (Fig. 4D; p<0.05). The
exposure of PD flies to 10�3M of dopamine showed a 1.5 fold
decrease in PC content compared to unexposed PD flies (Fig. 4D;
p<0.05).

The results obtained for MAO activity are shown in Fig. 5. The
PD flies showed a 1.87 fold increase in the MAO activity compared
to control flies (Fig. 5; p<0.01). The exposure of PD flies to PAND
having pramipexole concentration of 1mM, 2mM and 3mM
showed a 1.15, 1.28 and 1.50 folds decrease respectively compared
to unexposed PD flies (Fig. 5; p<0.05). The exposure of PD flies to
10�3M of dopamine showed a 1.32 fold decrease in the MAO
activity compared to unexposed PD flies (Fig. 5; p<0.05). The
exposure of PD flies to 3mM of pramipexole showed a 1.17 fold
decrease in MAO activity compared to unexposed PD flies (Fig. 5;
p<0.05).

The results obtained for the activity of caspase-9 are shown in
Fig. 6A. The PD flies showed a 2.6 fold increase in the activity of
caspase-9 compared to control flies (Fig. 6A; p<0.01). The
exposure of PD flies to PAND having pramipexole concentration
of 1mM, 2mM and 3mM showed a dose dependent significant
decrease of 1.23, 1.44 and 1.62 folds respectively compared to
unexposed PD flies (Fig. 6A; p<0.05). The exposure of 3mM of
pramipexole showed a 1.3 fold decrease in the activity of caspase-9
compared to unexposed PD flies (Fig. 6A; p<0.05). The exposure of
10�3 M of dopamine showed a 1.36 fold of significant decrease in
the activity of caspase-9 compared to unexposed PD flies (Fig. 6A;
p<0.05). The results obtained for the activity of caspase-3 are
shown in Fig. 6B. The PD flies showed a 2.54 fold increase in the
activity of caspase-3 compared to control flies (Fig. 6B; p<0.01).
The exposure of PD flies to PAND having pramipexole concentra-
tion of 1mM, 2mMand 3mMshowed a dose dependent decrease of
1.16, 1.53 and 1.64 folds respectively in the activity of caspase-3
compared to unexposed PD flies (Fig. 6B; p<0.05). The exposure of
PD flies to 3mM of pramipexole showed a 1.27 fold decrease in the
activity of caspase-3 in PD flies compared to unexposed PD flies
(Fig. 6B; p<0.05). The exposure of PD flies to 10�3M of dopamine
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showed a 1.21 fold decrease in the caspase-3 compared to
unexposed PD flies (Fig. 6B; p<0.05).

Discussion

The image of PAND exhibits well dispersed and uniform particle
size throughout the image. Further, no other impurity of secondary
phase was observed in the image which confirms the good quality
of the synthesised sample. In addition FTIR spectroscopy was
performed to identify the important functional groups in the
parent pramipexole drug and its nanodispersion (PAND) form.
However, the FTIR spectrum of pramipexole alginate nano-
dispersion (PAND) exhibits a broad band �3500 cm�1, which can
be assigned to OH of water molecules associated with complex
formation. The weaker band �800 cm�1 was attributed to OH
rocking and twitching vibrations of coordinated water molecules.
The data indicates that significant difference in the synthesized
pramipexole (PAND) alginate nanodispersion at the molecular
level. The results of the present study suggest that PAND
successfully reduced the PD symptoms exhibited in our fly model.
The flymodel used in our study expresses a human alpha synuclein
under GAL4-UAS system and also leads to the formation of Lewy
bodies in a similarway as in humans (Feany and Bender, 2000). The
formation of Lewy bodies not only results in the damage of
dopaminergic neurons but also increases the oxidative stress in the
brain (Giasson et al., 2000).The damage of dopaminergic neurons
results in the decrease production of dopamine there by leading to
the motor and cognitive defects (Muñoz-Soriano and Paricio,
2011).

In our present study newly enclosed PD flies (1–3days old)
were exposed to various doses of PAND. The exposed flies not only
showed an improved activity but also exhibit the delay in the loss
of climbing ability. The delay in the loss of climbing ability was
more prominent in the PD flies exposed to PAND compared to the
PD flies exposed to pramipexole alone. Pramipexole has been
reported to improve the motor and cognitive dysfunctions in
humans suffering from PD (Brusa et al., 2013; Burdick et al., 2011;
Poletti and Bonuccelli, 2013). In comparing the effectiveness of the
drugs (pramipexole, levodopa and amantadine), pramipexole was
[(Fig._5)TD$FIG]

Fig. 5. Effect of pramipexole alginate nanodispersion (PAND) on the monoamine oxida
supplemented with [84_TD$DIFF]PAND for 24days and then assayed for MAO activity. (a significant di
flies p<0.05; c significant difference with respect to PD flies exposed to only pramipexo
Dopamine: 10�3M; N =50).
found to be most effective in improving the motor dysfunctions
(Emsaki et al., 2013). The ability of wild type a-synuclein to
aggregate presumably explains the formation of insoluble poly-
mers of protein known as fibrils. This fibrillar a-synuclein is the
building block of Lewy bodies in association of neurofilaments and
other cytoskeletal proteins. The formation of Lewy bodies not only
results in the death of dopaminergic neurons but also increases the
oxidative stress (generation of free radicals) (Schulz, 2007). The
degenerating neurons also produce endogenous toxins and other
reactive oxygen species that may further damage normal neurons.
The levels of these species are controlled by the antioxidant
defence system. LPO, GSH, GST activity, PC content and MAO
activity are the reliable markers of oxidative stress. Hence we
decided to study these markers in PD model flies (Fatima et al.,
2017). An increase in LPO and PC contents in brains of human
suffering from PD has been reported earlier (Alam et al., 1997;
Cookson, 2005). The PD flies exposed to various doses of PAND
showed a dose dependent significant decrease in LPO. The PD flies
exposed to pramipexole also showed a decrease in LPO, however
this decreasewas less compared to the treatment to doses of PAND.
Pramipexole has been reported to inhibit lipid peroxidation and
reduced injury in substantianigra induced by 1-methyl-4-phenyl-
1,2,3,6- tetrahydropyridine (MPTP) in mice (Ramirez et al., 2003;
Zou et al., 2000). A depletion in the GSH content and increase in
GST activity has been reported in the brains of human suffering
from PD and also in other experimental models of PD (Johnson
et al., 2012; Zhu et al., 2007). The PD flies exposed to various doses
of PAND also showed a dose dependent decrease in the GST and
MAO activity.

The PD flies exposed to pramipexole also showed a decrease in
GST as well as MAO activity, however the decrease was less
compared to the PD flies exposed to PAND. MAOs are mitochon-
drial enzymes that catalyze the oxidation of monoamines in
multiple tissues, including the brain. The elevated level of the
enzymes has been implicated in the progression of PD (Dreiseitel
et al., 2009). Hence the inhibitors of MAO may act as possible
neuroprotective agents (Naoi and Maruyama, 2010). MAO activity
has been implicated as a contributor to oxidative neuronal damage
associated with various neurodegenerative diseases (Mazzio et al.,
se (MAO) activity in the brains of flies. The flies were allowed to feed on the diet
fference with respect to control, p<0.01; b significant difference with respect to PD
le p<0.05; d significant difference with respect to control, p<0.05; P: pramipexole;
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Fig. 6. Effect of pramipexole alginate nanodispersion (PAND) on the caspase-9 (A) and caspase-3 (B) in the brains of flies. The flies were allowed to feed on the diet
supplementedwith [84_TD$DIFF]PAND for 24days and then assayed for caspase 9 & 3 activity. (a significant differencewith respect to control, p<0.01; b significant differencewith respect
to PD flies p<0.05; c significant difference with respect to PD flies exposed to only pramipexole p<0.05; d significant difference with respect to control, p<0.05; P:
pramipexole; Dopamine: 10�3M; N=50).
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1998). MAO inhibitors have been tried to treat the symptoms of PD
along with or without levadopa (Riederer and Laux, 2011). The
results on MAO activity obtained in our present study suggest that
pramipexole could be used as aMAO inhibitor. The PD flies exposed
to various doses of PAND showed a dose dependent increase in GSH
and reduction in PC content. This could be possible due to the
antioxidative property of pramipexole. Some dopamine agonists
are antioxidant due to the presence of hydroxylated benzyl ring
structure and secondly they also reduce the dopamine turnover,
and hence free radical generation, through their action on
presynaptic autoreceptor (Iravani et al., 2006). The increase in
GSH content and reduction in PC content was lower in PD flies
exposed to pramipexole compared to PAND. The PD flies exposed
to PAND showed a dose dependent increase in dopamine content.
This increase in dopamine content is due to the protection of the
neurons provided by pramipexole in the form of reducing the
oxidative stress (Carvey et al., 1997; Izumi et al., 2007; Szczudlik
and Rudzi�nska, 2006). Again this increase was more in the PD flies
exposed to PAND compared to the PD flies exposed to pramipexole.
The results obtained in our study on the activity of caspase-9 and 3
showed a dose dependent decrease in the activity in the PD flies
exposed to various doses of PAND. This decrease was more in PD
flies exposed to PAND compared to PD flies exposed to
pramipexole. There are reports of the inhibition of caspase-3
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activity in cultured cells by pramipexole (Gu et al., 2005). In other
study pramipexole has been reported to protect the PC12 cell death
induced by the treatment of hydrogenperoxide (Fujita et al., 2006).

Human a-synuclein mutation or over expression results in
cytotoxicity, with [A53T] a-synuclein being the most toxic variant.
Decreased expression of the mitochondrial chaperone protein
tumor necrosis factor receptor associated protein-1 (TRAP1) was
found to enhance age dependent loss of fly head dopaminergic
neurons. The over expression of human TRAP-1 can rescue the loss
of dopaminergic neurons thereby reducing the neurotoxicity
(Butler et al., 2012). In number of cell lines TRAP1 has been
shown to provide anti-apoptotic functions as high levels of TRAP1
reduce the release of key factors responsible for apoptosis
including the function of caspase-3 (Gesualdi et al., 2007; Masuda
et al., 2004). The over expression of a mutant form of a-synuclein
(A30P) dopaminergic GAL4 drivers results in an age dependent loss
of neurons in Drosophila (Auluck et al., 2002; Botella et al., 2008).
Dopamine in synaptic vesicles is not toxic but, due to the
accumulation of a-synuclein it is released in the cytoplasm,
where it can be easily oxidized and turn into a major source of
oxidative stress (Bayersdorfer et al., 2010).

The overall results obtained in our present study confirm that
pramipexole not only reduced the oxidative stressmarkers but also
improves the motor dysfunctions of the transgenic flies expressing
human alpha synuclein in the brain. Secondly, more desired effects
can be obtained by exposing the PD flies to PAND, having the lower
doses of pramipexole. It is clearly observed in our study that the PD
flies exposed to 3mM dose of pramipexole showed less improve-
ment but the nanodispersion having the same dose is more
effective in reducing the PD symptoms. Thus by creating the
nanodispersion the side effects of the high doses of dopamine
agonists could be reduced and the desired results could be
obtained byexposing the PDpatients to this nanodispersion having
lower dose of the drug. In our earlier study with bromocriptine
alginate nanocomposite (BANC) on a transgenic Drosophila model
of Parkinson’s disease the BANC successfully reduced the oxidative
stress markers and delayed the loss of climbing ability of PD flies
(Siddique et al., 2016b). It becomes more important if the PD
patients are suffering from kidney disease as dopamine agonists
are excreted by kidneys (Hong et al., 2008).

The results obtained in our study also validate the use of
Drosophila for studying the action of drugs and nanodispersion.
The use of animals in toxicological research and testing has become
an issue of concern for both science and ethics. As a result the
emphasis has been given on the use of alternatives to mammals in
research and testing (Mukhopadhyay et al., 2003). In this context,
Drosophila has an advantage in the initial discovery process
regardless of raw throughput [111_TD$DIFF][82_TD$DIFF](Siddique et al., 2012, 2013a,b, 2014,
2016a). As screening is performed directly on the living organism
(Drosophila), it reduces significantly the post screening cost to
identify quality lead from the initial candidate pool (Pandey and
Nichols, 2011; Siddique et al., 2015). Concerning our study with
nanodispersions the results obtained are in concordance with the
results obtained in highermammalianmodels. Themain limitation
in the administration of the drug is the development of suitable
carrier that is able to cross the blood brain barrier (BBB), therefore
the nano particles are the effective alternative (Leyva-Gómez et al.,
2015). The increasing incidence of diseases affecting the central
nervous system (CNS) demands the urgent development of
efficient drugs (Peluffo et al., 2015).

Conclusion

It is concluded that the drugs in the form nanodispersions could
play a pivotal role as it will reduce the toxicity/side effects
associated with the excessive use or higher dose of the drug use to
treat various CNS disorders.
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