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ABSTRACT

Objective: Parkinson’s disease (PD) is a neurodegenerative disorder which affects the elderly population. Free radicals overproduction, oxidative
stress, apoptosis, inflammation and abnormalities in mitochondria are critical mediators of the neuronal degeneration. In the present study
neuroprotective activity of myricetin, a flavonoid isolated from brown seaweed Turbinaria ornata have been investigated in rotenone induced
experimental PD models of Drosophila melanogaster.

Methods: Male fruit flies (Drosophila melanogaster) were fed with an effective dose of 0.1% myricetin three hours before to the treatment with 500
UM of Rotenone (LD 50) for seven days and on 8t day through behavioral analysis the neuroprotective effect of myricetin was investigated for
motor coordination in fruit flies. Lipid peroxidation was analyzed by estimating the levels of TBARS. Oxidative stress was determined by estimating
the activities of enzymatic antioxidants superoxide dismutase, catalase, and glutathione peroxidase along with the level of reduced glutathione.
Dopamine level was estimated in HPLC column detected at 280 nm with UV detectors and degree of apoptosis was studied apoptotic marker Bcl-2,
Bax, caspases-3 and 9, cytochrome c and f-actin expressions in the whole body homogenate of fruit flies of experimental groups homogenized in
500uL of 0.1 M phosphate buffers (ice cold, pH, 7.4) containing 1 mmol EDTA.

Results: Myricetin maintains the positive behavioral patterns against motor impairments due to the rotenone toxicity, it creates a balance in
oxidant and antioxidant status, reduces the oxidative stress and inhibits apoptosis to retard neurodegeneration and maintains the dopamine level
with a significant (p<0.05) difference compared to the rotenone treated group.

Conclusion: The flavonoid myricetin by reducing the oxidative stress, maintaining the enzymatic antioxidants status and by inhibiting apoptosis
prevents the degeneration of dopaminergic neurons. The dopaminergic neurons prevention reduces the depletion of dopamine and thereby
promotes the muscular coordination and psychological well being of fruit flies of experimental group. Further in depth molecular level studies are in
need to explore the preventive mechanisms of myricetin in Parkinson’s disease.
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INTRODUCTION polysaccharides, phlorotannins, flavonoids and diterpenes are having
a prominent role in therapeutics research [6]. Turbinaria ornata, spiny
leaf seaweed has been studied for its antioxidant, antiulcer, and wound
healing, anti-inflammatory activity and hepatoprotective activities; in
our previous studies, also we have elucidated the in vitro antioxidant
activity it [7], free radical scavenging, antihemolysis and anti-
inflammatory activity of Turbinaria ornata methanolic extract [8]. In
the present study neuroprotective activity of myricetin, a flavonoid
isolated from Turbinaria ornata has been investigated in experimental
PD models of Drosophila melanogaster.

MATERIALS AND METHODS

Parkinson’s disease (PD) is the common neurodegenerative
movement disorder next to Alzheimer’s disease, with multiple factors
of etiology which leads to the death of dopaminergic neurons in the
aged population of 60 y. The degeneration of dopaminergic neurons of
substantia nigra pars compacta (SNpc) is the pathology of the disease
which reduces the level of the neurotransmitter called dopamine (DA),
which is involved in the locomotory event of the body. Dopamine
depletion causes a negative impact on the motor circuit regulation of
basal ganglia. This leads to motor impairment such as bradykinesia,
muscular rigidity, tremor, and postural instability [1]. Free radical
overproduction, oxidative stress, apoptosis, inflammation and

abnormalities in mitochondria are critical mediators of the neuronal
degeneration in PD [2]. Since the brain is sensitive to oxidative damage
because of its peroxidizable fatty acid composition, consumes excess
oxygen and not well enriched in antioxidant defenses. In addition,
reactive oxygen species (ROS) produced enormously due to
endogenous and exogenous stimuli leads to induction of signal
transduction that cause mitochondrial dysfunction and cell death [3].
An important hallmark of PD is Lewy’s body inclusions, which are
formed in dopaminergic cell aggregation area like substantia nigra
(SN), dorsal nucleus of the vagus nerve and leads to the degeneration
of DA neurons. Decrease in dopamine level forms the imbalance
between dopaminergic and acetylcholine system which develops a
series of PD symptoms [4, 5]. Targeting phytochemicals and bioactive
compounds from nature are significant in treating neurodegenerative
diseases. Seaweeds are rich in bioactive compounds like sulfated

Chemicals and reagents

Myricetin (Isolated from Turbinaria ornata), rotenone, thio-
barbituric acid (TBA), reduced glutathione and 3, 5-dithio-bis-
nitrobenzoic acid (DTNB), xanthine, xanthine oxidase, bovine serum
albumin (BSA), primary and secondary antibodies were purchased
from Sigma chemical Company, Bangalore, India. All other reagents
were of analytical grade and were procured locally.

Collection of samples

The marine brown alga Turbinaria ornata was collected by hand
picking from intertidal waters of the Mandapam coast (Longitude 78 °
8’E, Latitude 90 ° 17’ N) in the Gulf of Mannar during the early hours
in the month of May. The algal material was identified and
authenticated in BSI Coimbatore, Tamilnadu (BSI/SRC/5/23/
2015/Tech./1304). A voucher specimen was maintained in our
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research laboratory. Collected algal material was washed with sea
water and then with fresh water to remove sand, salts and

epiphytes.
Isolation and characterization of myricetin

The dried Turbinaria ornata seaweed materials (50g) were milled
and extracted using 500 ml of various solvents such as ethanol,
methanol and water for 24 h by using a Soxhlet apparatus. Each
filtrate was concentrated to dryness under reduced pressure using a
rotary evaporator. The samples were lyophilized by using freeze
dryer (Lark, Penguin Classic Plus, India) and stored in a refrigerator
at 2-8°C for use in preliminary phytochemical analysis and
subsequent experiments. The methanolic extract with more
bioactive compounds used for further extraction and
characterization. The flavonoids were determined by reversed-
phase HPLC based on the method described by Crozier et al, [9].
Flavonoid standards were morin and myricetin, an aliquot of sample
extracts was loaded on the HPLC equipped with a reverse phase
column. Solvents comprise deionized water (solvent A) and
acetonitrile (solvent B) were used. The pH of water was adjusted to
2.5 with trifluoroacetic acid. The flavonoid compounds were
detected at 350 nm. The column was equilibrated with 85%
deionized water and 15% acetonitrile. Then the ratio of deionized
water was increased to 85% in 50 min followed by reducing
acetonitrile to 15% in 55 min. This ratio was maintained to 60 min
for the subsequent analysis with flow rate at 0.6 ml/min. The
methanolic fraction (40g) with most bioactive compounds was
subjected to silica gel column chromatography (75 pm, 6.0 cm x 40
cm) and eluted with methanol of increasing polarities with water
(25 to 100% Methanol). The volume of each collected fraction was 50
ml to give 4 fractions (4, B, C, and D). Appreciable antioxidant activity
was found in fraction C and D. Among the two, The most active D
fraction obtained (12.21 mg) was then subjected to silica gel column
chromatography (Silica gel 60, 230-400 mesh, 1.0 cm i.d. x 20 cm) and
eluted with n-hexane: EtOAc, EtOAc, acetone and methanol. Compound
1 was yielded (4.2 mg) from n-hexane: EtOAc (3:7) fraction which is
yellow crystals. The isolated compound was recorded on NMR-400
MHz and chemical shifts were recorded as § values. The result was
compared with the reference chart and possible functional groups
present in the plant were determined [10].

Drosophila melanogaster treatment strategies

All the experiments were carried out in the CS strain of male
Drosophila melanogaster (8-10 d old flies). They were housed in
polypropylene vials with drosophila culture medium, renewed every
three days. Flies were under 12/12h: light/dark cycle at around
20°C [11]. The culture medium was as follows; Agar 2.0g, maize
powder 17.0g, sucrose 15.0g, yeast tablets 6.0g and water 360 ml
were taken in a 1 litre glass beaker and heated for 1 h with constant
stirring. After cooking, 1.0g nepagin and propionic acid (1 ml) were
added and the medium (0.1% myricetin and 500 pM rotenone were
added to the respective experimental groups) was then transferred
to Drosophila culture vials. Then, the flies were transferred to these
bottles/vials and cultured.

Rotenone lethal dose study (LD s0)

The flies were exposed to varying concentrations (250uM, 500 puM,
750 uM and 1000 pM) of rotenone (ROT) for 7 d in order to assess
the lethality responses to choose the effective dose for LD 5o [12].

Myricetin effective dose fixation study against mortality rate

For the preventive dose fixation of myricetin of different
concentrations 0.025%, 0.05% and 0.1%) was done as per the
earlier findings and studies [13], against 500uM (LD50) rotenone
treatment in 7 d study, on the basis of reduce in mortality. 0.1%
myricetin shows significant reduction in mortality compares to
other two concentrations (0.025% and 0.05%) (Data not shown)
and was chosen as the active dose in further neuroprotective
studies. Male flies were randomly divided into four groups with 50
flies each and were treated as given below.

Experimental design

¢ Group I: Normal flies with corn meal media served as control.
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e Group II: These flies received ingestion of rotenone (500 uM)
through the media for seven consecutive days.

¢ Group III: These flies are pre-treated with (0.1% effective dose) of
myricetin before three hours of rotenone treatment and then
transferred to vials with rotenone (500uM) for 7 consecutive days
(co-exposure).

e Group IV: These flies are treated with (0.1% effective dose) of
myricetin alone for seven days as like group III flies. (Each group
contains three vials of 50 male Drosophila melanogaster)

On the end of experiment (8" day), behavioral studies were
performed to understand motor skill abnormalities and then flies
were anesthetized. The flies were homogenized in phosphate buffer
(pH 7.0) and centrifuged at 5000rpm for 20 min at 4 °C to get the
supernatant which was used to estimate the levels of TBARS and
GSH, and activities of SOD, CAT, and GPx.

Behavioural assessment studies

To assess the motor performance, muscular coordination, and signs
of Parkinsonism the following behavioral assessment methods were
employed as per the earlier studies [14], with slight modifications.
Behavioural changes in PD depend on the degree of neuronal
dysfunction. Behavioral analysis in models of PD is significant in
investigating the relationship among neuronal degeneration and the
effectiveness of the therapy and brain recovery process [15].

Open field test

A Single fly was put into a Petri dish (Open field chamber) marked
with the grid of 1 cm square. The fly is permitted in for 10 min. After
which the locomotor activities will be absorbed for first two minutes
and last two minutes of a 10 min period. Locomotion absorbed in
first two minutes is exploratory and the last two minutes is
considered as basal locomotion (the remaining 6-8 min will be
considered as the sufficient time for flies to acclimatize to the
environment). The number of grid lines crossed represents the
measure of locomotor activity [16]. The flies of each group were
randomly allowed for the open field test.

Climbing assay

Climbing assay was done as per the protocols of previous study [17].
Briefly, in climbing assay, experimental flies were placed in an empty
glass tube (25 cm height and 2 cm diameter). After a 10 min rest
period, the flies were tapped to the bottom of the glass tube, and the
number of flies able to climb in 60 s was recorded at each interval of
time. The assay was replicated three times at 5 min intervals. The
scores are the mean of the numbers of flies at the top and at the
bottom, expressed as percentages of the total number of flies.

Analysis of dopamine concentrations by HPLC

The flies from each group were homogenized in 500uL of 0.1 M
phosphate buffers (ice cold, pH, 7.4) containing 1 mmol EDTA.
Followed by centrifugation at 2,500xg for 10 min, the supernatant of
the homogenization was filtered and injected into the HPLC column
detected at 280 nm with UV detectors. The flow rate of a mobile
phase consisting of 0.2% aqueous trifluoroacetic acid and methanol
(70:30 v/v) was maintained flow rate of 1 ml/min [18].

Lipid peroxidation products and enzymatic antioxidants activity

e Estimation of TBARS: The method of Utley et al., (1967) was used
for the estimation of lipid peroxidation [19].

e Estimation of total protein: Protein concentration in the whole
body fly homogenate was determined after trichloroacetic acid
precipitation as described previously [20], using bovine serum
albumin as the standard.

e Estimation of Superoxide dismutase: (SOD) activity was measured
by the method of Beauchamp and Fridovich (1971) [21].

e Estimation of Catalase: Catalase activity was assayed by the
method of Sinha (1972) [22].

e Estimation of reduced glutathione: Reduced glutathione (GSH)
was determined by the method of Jollow et al., (1974) [23].
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e Estimation of glutathione peroxidase: Determination of
Glutathione peroxidase (GPx) activity measured according to the
procedure described by Mohandas et al., (1984) [24].

Western blot analysis

A total volume of 30 pg of isolated protein from drosophila
homogenate was loaded per lane. The separated proteins were
blotted onto a PVDF membrane by semi-dry transfer (BIO-RAD).
After blocking with 5% non fat milk in TBS, the membranes were
then incubated with various antibodies: Bcl-2, Bax, caspases-3 and 9,
cytochrome c and B-actin. The following dilutions were used for Bcl-
2 and Bax (1:500), cytochrome c, caspases-3 and 9 (1:1000), and -
actin (1:2000). After primary antibody incubation, the membranes
were incubated with secondary antibody at a concentration of
1:2000. Then the membranes were washed with Tris-buffered saline
and 0.05 % Tween-20 thrice for 10 min interval, after extensive
washes in TBST, the bands were visualized by treating the
membranes with 3, 3'-diaminobenzidine tetra hydrochloride
(Western blot detection reagent, Sigma, USA). Densitometry was
done using ‘Image ]’ analysis software [25].

Statistical analysis

All numerical results were expressed as mean+standard deviation
(SD) and analyzed using the statistical package for the social
sciences (SPSS) IBM SPSS Statistic. One-way analysis of variance
(ANOVA) was conducted for statistical comparison of study
whereby p<0.05 being the criterion for statistical significance. The
significant treatment means were further subjected to Duncan’s
post hoc test.

RESULTS

Fig. 1, depicts the Rotenone concentration of LDso. Among the
different doses 500uM of Rotenone induced the 50 % of mortality
and so it was fixed as the effective dose of rotenone concentration to
induce the Parkinsonism in Drosphila melanogaster.
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o Mortality
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Fig. 1: Shows the rotenone exposure study for LD 5o of rotenone
concentration through percentage of mortality induction in
experimental flies

Fig. 2a shows the exploration and locomotors activity of
experimental groups in open field test through number of squares
the flies crossed. The group Il rotenone treated drosophila crossed
only 6 squares, exhibits frequent immobility and shows more time
consumption to acclimatize, reduced exploration and basal
locomotion in the open field chamber, compared to control group I
and myricetin alone treated group IV (crossed 25 and 26 squares
respectively). Group III flies (myricetin and rotenone treated)
crossing about 18 squares and exhibit occasional immobility as the
sign of appreciable exploration, acclimatization and basal
locomotion compared with group Il rotenone treated flies.

Fig. 2b shows the climbing assay of experimental groups in 25 cm
long glass tubes. The group II rotenone treated flies consumed
more time to climb the 25 cm glass tube and only about 38 % flies
managed to reached the top compared to group I control and
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group IV myricetin alone treated groups in which about 92% and
91% of flies have reached top respectively. Group III flies
(myricetin and rotenone treated) shown appreciable reduction in
time consumption and about 77% of flies climbed to top compared
to group Il rotenone treated flies.

Open Field Test
30
a
H I
= 25 4 2
g
E J c
g 20 T
£ 1
-
E 15 4
E 10
k] 3 b
2 .
E 5
z
0 !
Cont Rot Myn+Rot  Myn
Climbing assay
100 a
90 A
c
- 80 A -
z B
= 10 1
H
*® 60 4
2
R b
E_AU 1 E:
2 30 A
H
5 20 4
T 10 4
0 1
Cont Rot MyntRot Myn

Fig. 2: (a and b). Shows the time taken in Open field test
(Number of squares crossed) for exploring, acclimatization and
basal locomotors activity in control and experimental groups
and Climbing assay shows the time taken to climb 25 cm long
glass tube in control and experimental groups in 60s (Values
are given as mean = SD for 3 vials of drosophila 50 flies each
group. Values not sharing a common superscript letter differs
significantly at p<0.05 (DMRT))
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Fig. 3: Dopamine levels in the whole body homogenate of
control and experimental groups. (Values are given as mean +
SD for 3 vials of drosophila 50 flies each group. Values not
sharing a common superscript letter differ significantly at
p<0.05 (DMRT))
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Fig. 3 elucidates the dopamine level in control and experimental
groups. The group II rotenone treated Drosophila homogenate
samples shows decreased concentration of about 4.50pg of
dopamine compared to the control group I and myricetin alone
treated group IV (about 8.27 pg and 8.45 pg respectively). In group
111, myricetin maintains the dopamine concentration (7.53 pg) much
similar to control and group IV against the impact of rotenone.
Clearly indicates the prevention of rotenone induced neuro-
degeneration of DA (dopaminergic neurons) neurons.

Fig. 4 and table 1 shows the levels of TBARS and enzymatic
antioxidant activities. The group Il rotenone treated Drosophila
homogenate samples shows increased TBARS level, SOD, CAT, and
GPx activity; and decreased GSH level compared to the control group
I and myricetin alone treated group IV. In group III, myricetin
prevents the impact of rotenone in inducing free radicals and
oxidative stress and maintains the TBARS level, activities of SOD,
CAT, GPx and GSH level near normal.
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Fig. 4: Changes in the levels of TBARS in whole body homogenate
of control and experimental groups. Values are given as mean +
SD for 3 vials of drosophila 50 flies each group. Values not sharing
a common superscript letter differ significantly at p<0.05 (DMRT)

Table 1: Changes in the activities of SOD, CAT, GPx and level of GSH in control and experimental groups.

Groups SOD CAT GPx GSH

(UA/mg protein) (UB/mg protein) U¢/mg protein) (mg/g tissue)
Control 7.160.82a 3.22+0.31a 7.15+0.602 2.14+0.322
Rotenone 11.31+0.21b 6.42+0.32b 12.34+0.32b 1.09+0.11>
Myricetin+ 8.69+0.35¢ 4.37+0.23¢ 8.49+0.43¢ 2.01+0.15¢
Rotenone
Myricetin 7.68+0.162 3.02+0.122 7.27+0.122 2.27+0.062

(Values are given as mean = SD for 3 vials of drosophila 50 flies each group. Values not sharing a common superscript letter differ significantly at
p<0.05 (DMRT). A = enzyme required for 50% inhibition of NBT reduction. B = p moles of H20: utilized/min. C = p moles of glutathione

utilized/min).

Rotenone treatment (500 puM) leads to decreased expression levels of
anti-apoptotic B-cell CLL/lymphoma 2 (Bcl-2), but it increased the
expression levels of pro-apoptotic Bcl-2-associated X protein (Bax).
myricetin pretreatment (0.1%) retains the normal expression of Bcl-2

and Bax (fig. 5a). Treatment with rotenone (500 puM) increased
expression levels of cyt c, caspases 3 and 9. myricetin pretreatment
significantly suppressed the enhanced cyt c, caspases 3 and 9
expressions and prevents the apoptosis due to rotenone toxicity (fig. 5b).
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- -
Bel-2 v
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B-actin
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Fig. 5: (a and b) shows the antiapoptotic effect of myricetin on rotenone induced Bax, Bcl-2, cyt c, caspases 3 and 9

DISCUSSION

Parkinson’s disease occurs due to oxidative stress, mitochondrial
dysfunction and DA neurons degeneration. Rotenone, an
environmental toxin and a complex I inhibitor of ETC induce
mortality, oxidative stress and mitochondrial dysfunction in DA
neurons of Drosophila melanogaster. In the rotenone exposure study
for LDso at a concentration of 500uM there is 53% of mortality of
flies occurred and the mortality rate is concentration dependent. In
our study rotenone at a concentration of 500uM renders deficits in
locomotor activity and muscular coordination which is well
understood by our findings in the open field test and climbing assay.

Movement disorders and lack of muscular coordination is the
important pathologic features in PD, due to degeneration of
pigmented DA neurons in SN (60-70% of the neuronal loss in SN and
striatal DA content is reduced by 80%), that triggers the symptoms
such as akinesia, rigidity, resting tremor, gait and postural

abnormalities [26]. Group II flies subjected to 500uM of Rotenone in
our study leads to deficits in exploration activity and basal
locomotor activity. They also took more time for acclimatization and
show frequent immobility. This is well elucidated by the increase in
the time consumption and decrease in exploration of squares,
whereas controls group I and group III (myricetin and rotenone
treated) and group IV (myricetin) shows appreciable locomotion
and explores more squares with occasional immobility in open field
test. Similarly deficits in muscular coordination are shown by the
percentage of flies climbing to the top in 60 s in the 25 cm glass tube.
In group II ROT treated only 38% of flies climb to the top compared
to control (92%), In Group III (myricetin and rotenone treated)
nearly 77 % of flies climbed up to the top, which clearly shows the
preventive role of myricetin against rotenone in neurodegeneration
and promotes proper muscular coordination.

The important neuro-transmitter dopamine which is synthesized in
dopaminergic neurons (DA) plays a vital role in muscular

42



Karuppaiah et al

coordination. Degeneration of pigmented DA neurons in the
Substantia nigra (SN) and loss of striatal dopamine is the hallmark of
PD. In the present study group II rotenone treated shows 4.50ug of
dopamine compared to the control group I (8.27ug of dopamine)
which clearly indicates the degeneration of DA neurons by rotenone.
Myricetin in group III significantly prevents the DA neurons and
thereby shows increased dopamine concentration of 7.53 pg
compared to the Group II flies. myricetin alone treated group IV
shows nearly similar concentration of dopamine (8.45 pg) like group
I control. The results of behavioral study and levels of dopamine are
very much supported by earlier different study [27].

The antioxidative property of myricetin is well elucidated by the
levels of TBARS and GSH and activities of enzymatic antioxidants in
control and experimental groups. The level of increased TBARS,
decreased GSH levels and increased activities of SOD and catalase
were observed in Rotenone treated group II as compared to control
group I (fig. 1 and table 2). However, a decrease in TBARS, increase
in GSH level and significant reduction in the activities of SOD and
catalase were observed in group III (myricetin pretreated and
rotenone treated), is the proof of antioxidant property of myricetin
against Rotenone neurotoxicity. The levels of TBARS, GSH and
activities of enzymatic antioxidants in group IV were normal and
similar to group I control. Our results are well supported by
previous findings in different experimental PD [28].

CONCLUSION

In the present study, a flavonoid myricetin isolated from Turbinaria
ornata with the richest source of bioactive compounds was
investigated for its neuroprotective activity in Drosophila
melanogaster model. Our study results show that myricetin
promotes the antioxidant and oxidant balance thereby reduced the
oxidative stress. By reducing oxidative stress, prevents the DA
neurodegeneration and maintains the dopamine level. Myricetin by
inhibiting DA neurons death promotes the muscular coordination
and psychological well being of Drosophila melanogaster. Further
molecular studies in cell line and animal models are in need to
explore the preventive mechanisms of myricetin in Parkinson’s
disease.
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