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ABSTRACT

Molecular Analyss of Catecholamine Biosynthetic
Enzyme GenesInduced by Mucuna pruriens

Nguyen Thi Hiep

Advisor: Prof. Kim, Sung-Jun, Ph. D.
Department of Biotechnology
Graduate School of Chosun University

Tyrosine hydroxylase (TH) is the first and rateitimg enzyme in the
biosynthesis of catecholamines, which are neurstndtiters involved in a wide
variety of important physiological functions. Tregulation of TH protein level and
activity is a key step for controlling catecholamisynthesis. TH is regulated in a
complex fashion by transcriptional and post-trapsicnal mechanisms and is
critically modulated by multiple regulatory mechsmis. TH is key molecule of the
functioning of the dopaminergic system. ChangesTkh expression generally
reflect altered activity of catecholaminergic neagon brain. The pathogenesis of
some catecholaminergic neuron disorders, suchr&mBan’s disease (PD) may be
related to change in TH.

In recent years, a worldwide trend towards the afseatural phytochemicals



present in herbs to apply for the neurodegeneratiserders. Seeds dflucuna
pruriens (MP) have been described as a useful therapeuwtint &g various diseases
of the human nervous system including PD. Howeatepresent no information is
available regarding the effects of MP on catechalenbiosynthetic enzymes in
animal. To explore possible neuroprotective effeftdMP and related molecular
mechanisms, we examined the expression of TH ard@# rat brain.

Cell viability of SH-SY5Y neuroblastoma cell lined 293 human kidney cell
line was determined with different doses (0, 10,2100, 800, 1000g/m¢) of MP
seed treatment for 12, 24 and 48hrs. MP did notae@uny cell cytotoxicity to both
cell lines even with the higher doses (10@0n!) of MP incubated for longer time
(48hrs). To determine the neuroprotective effectviéf on SH-SY5Y cells, cells
were treated with rotenone or MP or MP plus rotenand then processed MTT
assay. The result showed that the MP increased wability and had
neuroprotective effect against rotenone.

To dertermine the effects of MP on the catecholantiosynthetic enzyme
encoding genes expression, we determined changet®RMA levels of TH and
AADC, the first rate-limiting and the second enzynre the catecholamine
biosynthesis pathway. TH and AADC mRNA levels wesamined in rat brain
tissue by RT-PCR and real time PCR. Protein lewslee determined by Western
blot analysis. Rats were treated with differentedoef MP (0, 100, 200, 300, and
400mg/kg) for 2, 4 and 8 hrs, respectively.

The results showed that the MP significantly insezhthe levels of TH and

AADC mRNA and protein at a dose of 409/kg for 2hrs and at a dose of 200

mg/kg for 4hrs. However, mRNA and protein levels of bgénes were not change

X1



at different doses for 8h. The mRNA and proteirels\of AADC were induced by

MP at different doses and times. These resultsateithat MP has a complex and
differential effect on TH and AADC gene expressiand it depends on the

treatment dose and duration of administration.

In conclusion, MP did not show any cell cytotoxcito human
neuroblastoma SH-SY5Y and human kidney 293 celkslinand had the
neuroprotective effects against rotenone. Futhezmdpoth catecholamine
biosynthetic enzymes encoding genes (TH and AADE)ewup regulated by the
treatment of MP. Therefore, it could have therajgeulue in the treatment and

improvement of PD.
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|. INTRODUCTION

Parkinson’s disease (PD) is described for the fise by James Parkinson in
1817 in his monograph “Essay on the Shaking PalBY. is the second most
common age related after Alzheimer’s disease, &ffelsout 2% of all people over
age 65. PD is a degenerative disease of the nesy@tism due to the progressive
loss of nigrostriatal dopaminergic neurons and ekes in striatal dopamine. The
typical syndromes of PD are tremor at rest, rigjcibsence of normal unconscious
movements, slowness, impaired balance and poshstability. Although PD was
discovered over a century ago but the exact caue alisease is unknown (Corti
et al.,, 2005), despite the known role of oxidatsteess, free radical formation
(Jenner and Olanow, 1996), genetic susceptibilBan@mann et al., 1998),
programmed cell death (Ziv et al., 1998), and otivdtnown factors, which might
be endogenous or exogenous (Calne and LangstoB).1@B symptom progresses
slowly and can ultimately produce complete akine$tae neuropathology of the
disease is based on the depigmentation and ce#l losthe dopaminergic
nigrostriatal tract of the brain (Fearnley and Le#891), with a corresponding
decrease in striatal dopamine content. The poteptists of interaction of the
pathogenic factors cited above are diagrammedgnIEiThe interactions between
these pathways are keys to the demise of substaigtia pars compacta (SNpc)
dopaminergic neurons.

A number of studies have identified a link betweegrtain genes and a
predisposition to early onset PD, includiegynuclein, parkin and ubiquitin CH-
L1 (Corti et al., 2005). The functions of genes licgied in inherited forms of PD

suggest two major hypothesis posits that misfoldind aggregation of proteins are
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instrumental in the death of dopaminergric neurionthe SNpc, while the other
proposes that the culprit is mitochondrial dysfimttand the consequent oxidative
stressincluding toxic oxidized dopamine species. Sevstatlies have shown that
variants of the mitochondrial genes may cause thsetoof PD. The main
characteristics of PD are dopaminergic cell degsimr and the presence of
neuronal, intercellular, sphere-shaped structuneshe brain cells called Lewy
bodies. Lewy bodies are made up of microscopicséeteposits of abnormal
protein, formed as products of the mutatesiynuclein gene (William et al., 2003).
Recent research has identified a hereditary linkeretclose relatives of PD
patients are twice as likely to develop PD as peaeyth no family history of PD
(William et al., 2003). The extent to other envimmntal factors may also play a
part in genetic predisposition to remains uncl&ae environmental toxin is one of
the factors that cause PD such as pesticide rogertowric chemicals (paraquat,

dieldrin) and endogenous toxinkong-term exposure to these toxic chemicals

cause brain cell death, especially dopaminergicdamsy and the development of
symptoms characteristic of PD. Neuronal toxins sagl6-hydroxyl dopamine (6-
OHDA), 1-methyl-4-phenyl-1, 2, 3, 6 tetrahydropyne (MPTP), and rotenone are
inducing parkinsonism in animals (William et al0(3).

Dopamine is produced by dopaminergic neuronal egltsis one of three main
neurotransmitters  (dopamine, norepinephrine  and negbirine) called
"catecholamines”. Neurotransmitters are chemicaks$angers” that transmit
impulses across the synapses between neurons ibraive and onward to the
muscles (Fig. 2). Dopaminergic neurons form a ndtvad small clusters, found in

several regions of thérain. The main concentration of dopaminergic nesiro



responsible for controlling muscle movement, enmalp motivational behavioral
mechanisms is located in substantia nigra (Beamn@s and Paradiso, 1996).
Tyrosine hydroxylase (TH) is the first and ratei#ting enzyme in the biosynthesis
of catecholamines (Fig. 3), which is neurotranseniihvolved in a wide variety of
important physiological functions (Milsted et a2004). The regulation of TH
protein level and activity represents a central msefar controlling catecholamine
synthesis. Activity of TH can be regulated by tweahanisms: short term direct
regulation of enzyme activity (feedback inhibitioallosteric regulation and
phosphorylation) and medium to long term regulatbigene expression (enzyme
stability, transcription regulation, RNA stabilitglternative RNA splicing and
translational regulation) (Kumer and Vrana, 1986jisawa and Okuno, 2005). TH
is a key molecule of the functioning of the dopagngic system. Changes in TH
expression generally reflect altered activity opdminergic neurons in brain. The
pathogenesis of some catecholaminergic neurontedethisorders such as PD may
be related to change in TH. Recently, one curreategyy for gene therapy of PD
involves local production of dopamine in the striatachieved by inducing the
expression of rate-limiting enzymes involved in th®synthetic pathway for
dopamine (Lu et al., 2005). Therefore, gene thesmtegies for PD have focused
on TH gene (Lu et al., 2005).

The aromatic L-amino acid decarboxylase (AADC) DEDPA decarboxylase)
is a homodimeric enzyme belonging to tikdamily of pyridoxal 3-phosphate
enzymes. AADC is a non-specific enzyme mainly iwguied in the synthesis of
dopamine and serotonin through the decarboxylatioh substrates L-
dihydroxyphenylalanine (L-DOPA) and L-5-hydroxyttgphan in neuronal and

also non-neuronal cells.



Genetie Mutation

Synuclein

l\lisfolai:d protein
Remaoval

_“H“prntecﬁ\'t”

Normal Folded
protein

ﬁ FProteasome
. |
Degraded Protein
Toxicity \ egraded Protei
Programmed Cell
Death, Apoptosis
Neurodegeneration lq\Teul'opratertion

Fig. 1. Mechanisms of neurodegeneration



Normal
Neuron

Normal
movement
Parkinson’s receptors
affected <
Neuron
' Movement
’ disorders

Fig. 2. Dopamine levels in normal and Parkinson’sféected neurons.



NH,
1

~
Tyrosine Or(‘H2 = CH = C0O0H
HON

l Tyrosine
hydroxylase NH,
HO (e :

1
LDopa OI-(‘H; CH = CO0H
HOMN\ Co,

| DOPA l\—/

Tetrahydrobiopterint+O,

Dihydrobiopterin+HO,

decarboxylase
HO,
Dopamine
HOMN
l Dopamine-f-
droxvlas OH NH,
hydroxylase HO, . % 4
'H - CH, S-adenosylmethionine
Norepinephrine

HOMN

l Phenylethanolamine

N-methyltransferase OH NHCH,
HO, ‘

Epinephrine OI'(‘H - CH
HOMN

Fig. 3. Catecholamine biosynthesis pathway

S-adenosylhomocysteine



The activity of this enzyme has been localizedanous areas of the mammalian
brain, the sympathetic nervous system, and thenatlemd pineal glands. AADC is
also present in the neuroendocrine cells in theh&abronchial epithelium,
neuroepithelial bodies in the broncho pulmonarythegium, kultschitzky cells in
the small intestine and appendix. The essentiattiomm of AADC in neuronal cells
is to provide the organism with neurohormones greti§ic neurotransmitters. The
physiological function of AADC in non-neuronal orgaor tumors mentioned
above is not yet well known (Kubovcakova et al Q20

Mucuna pruriens (MP) belongs to the familizeguminosae and is a twiner with
trifoliate leaves, purple flowers and pods covengith hairs (Fig. 4). Seeds of MP
have been described as a useful therapeutic ageatious diseases of the human
nervous and reproductive system including PD in @meient Indian medical
system (Manyam, 1990; Manyam et al., 2004). MP besn studied for its
chemical and pharmacological properties such ag@sia, antipyretic (lauk et al.,
1993), antidiabetic (Akhatar et al., 1990; Rathalket 2002). In Nigeria, the seed of
MP has been used for antisnake treatment (Aguiyl.et1999; Guerranti et al.,
2001). Many studies have shown that the raw powb&ined from MP increased
dopamine synthesis (Hussain et al., 1997). MP amhth-dopa (5%), 5-indole
compounds (tryptamine and 5-hydroxytriptamine), anfbur tetrahy-
droisoquinolines alkaloidals (Misra and Wagner, £0Tripathi et al., 2001). In
addition, MP consists of co-enzyme Q-10 and nieotide adenine dinucleotide
(NADH), which have neuroprotective activities (Mamy et al., 2004). Other

compositions of MP are showed in table 1 (Eustaed €2006).



Antioxidants are important in the prevention of igas human diseases.
Antioxidant compounds may function as free radsz@vengers, complexes of pro-
oxidant metals, reducing agents and quenchers rajlesi oxygen formation.
Alcoholic and methanolic extract of the MP seedsewshown to have potential
antioxidant activity against in vivo and in vitrooatels (Tripathi et al., 2001; Yerra
et al., 2005). Moreover, methanol extract of MPdseexhibits potential antitumor
and antioxidant activities (Yerra et al., 2005).

Although, many researches have focused on thepbetia effects of natural
plant extracts, but there is no information on genanalysis of catecholamine
biosynthetic enzyme genes induced by MP. Therefaréhis study, we analysed

the effects of MP on the expression of TH and AAfEDes.



Table 1. Compositions oMucuna pruriens.

Compounds (g/ke) Amino acid composition (g/ke)
Dry matter 905 Alanine 2.74
Crude protein 278 Arginine oD
Crude fibre 94 Aspartic acid 9.14
Crude fat 54 Cystine 0.94
Ash 33 Glutamic acid 9.86
Sugar 84 Glycine 3.60
Starch 309 Isoleucine 3.20
Phosphorus 4.0 Leucine 8.39
Calcium 1.4 Lysine 5.72
Total phenols 304 Methionine 0.72
Tannins 71.2 Phenylalanine 3.56
L-DOPA 13.2 Serine 3.53
Phytic acid 12.8 Threonine 2.88
Cyanide 58.4 Valine 3.64




Fig. 4. Mucuna pruriens plant with trifoliate leaves, pods (A) and seedd)).

10



IIl. MATERIALS AND METHODS

[I-A. Materials

Human dopaminergic neuroblastoma cell line SH-S¥Ydd human kidney cell
line 293 were purchased from the Korea Cell LinenlBB&KCLB). Dulbecco's
modified Eagle's medium (DMEM), the Ham's F12 meadidetal bovine serum
(FBS), Dulbecco’s Phosphate-Buffered Saline (DPB3Yypsin-EDTA solutions
were purchased from the Invitrogen Corporation (YSBimethyl Sulfoxide
(DMSO) and penicilline were purchased from Sigmaigh Co. (U.S.A).
Streptomycin sulfate was purchased from the Calt@n€ (Germany). 3-4, 5-
Dimethylthiazol-2-yl-2, 5 diphenyltetrazolium brode(MTT) was purchased from
the Amersham life science (USA). Tissue cultureheissand multiplex 96 wells
were purchased from the Nunc (Denmark).

For RT-PCR and Real time PCHrizol™ reagentas purchased from the
Invitrogen Co. (USA). Isopropanol, chloroform, digt pyrocarbonate (DEPC), 3-
(N-morpholino) propanesultionic acid (MOPs), formde) formaldehyde, and
ethidium bromide (EtBr) were purchased from then&gAldrich Co. (USA).
Agarose was purchased from the SeakeBambrex (USA). Moloney murine
leukemia virus ribonuclease (M-MLV), oligo dT (dedxymidine) primer, dNTPs
(deoxynucleic acid triphosphate), Taq polymeragggcsic primers (for TH,
AADC and Actin) and 100bp DNA ladder were purchafedh the BioNEER Co.
(Korea). Ribonuclease inhibitors, SYBRremix Ex Taq™ were purchased from

the Takara Bio Inc. (Japan).

11



For Western blot assay, Trizma™-Base, sodium chloride, glycine,
ethylenediaminetetraacetic  acid  disodium  salt diagd (EDTA),
2-mercaptoethanol, boric acid, acylamide, bis-auydie, guanidine hydrochloride,
sodium dodecyl sulfate (SDS), bovine serum albu(Bi®A) and ponceau S were
purchased from the Sigma-Aldrich Co. (USA). Tw&énwas purchased from the
Yakuri pure chemicals Co., Ltd (Japan). Prosfewslor protein marker and
Prosiev& unstained protein marker were purchased from #matex Bioscience
Rockland Inc. (USA). Bicinchoninic acid (BCA) prateassay kit was purchase
from the Cabres Co. (USA).

For determination of free radical activity and aRridant capacity,
1, 1-diphenyl-2-picryl hydrazyl (DPPH), butylatedydnoxytoluene (BHT),
ascorbic acid and ammonium molybdate were purchfxsed Sigma-Aldrich Co.
(USA). Sulfuric acid and sodium phosphate were Ipased from Chemical Co.,
Ltd (Japan).

[1-B. Methods

[I-B-1. MP sample preparation

The fresh seeds of MP were collected by removirg pad then ground to a

paste by grinder. This powder was kept in deeeéee’/0C and freezing-dry. A
total of 30 g of the dry powder was completely diged in 30m¢ of saline before

use.
[I-B-2. Determination of DPPH radical scavenging ativity

The stable DPPH, molecular formulasB:2NsOs, was used for determination

of free radical-scavenging activity of the MP. Freedried MP sample was

12



dissolved in saline and then filtered through O pore size membrane.
Different concentrations (100, 200, 400, 8@) ™) of standard (+)-ascorbic acid,
BHT and crude extract were added in test tubes. viddieme of all tubes was
adjusted to 1004 by addition of distilled water 4004 solution of DPPH (100
HM) in ethanol was added to all tubes and shakgorously. The tubes were
allowed to stand at room temperature for 20 mincdktrol was prepared as
described above without samples or standards. Bthaas used for baseline
correction. The changes in the absorbance of thkeeabamples and standards were
measured at 517 nm. The experiment was repeatee tinnes. Lower absorbance
of the reaction mixture indicates higher free ratliecavenging activity. Radical
scavenging activity was expressed as the inhibpercentage and was calculated

using the following equation:
Radical scavenging activity (%) = (ORontrol — ODtes)/ODcontro X 100.

[1-B-3. Cell culture

Two cell lines: SH-SY5Y and 293 cells were used this study.
SH-SY5Y cells were grown in mixture of DMEM and tHam's F12 medium with
ratio 1:1 (DMEM medium contains 1.5/gsodium bicarbonate, 2 mM L-glutamine,
1 mM sodium pyruvate and 0.1 mM nonessential amaicids. Ham’s F12 (F12)
medium contains 1.5 §/sodium bicarbonate, 15mM HEPES and 2 mM L-
glutamine). 293 cells were cultured in DMEM mediufil of these media were

supplemented with 10% (v/v) heat- inactivated FB&) unitsié penicillin, and

100.g/M streptomycin sulfates. All these cells were maivetd in a humidified

13



incubator under 5% CO2 at 3Z. The cells were routinely subcultured twice a

week.
[I-B-4. Cell viability test

Cell viability was determined with the MTT assayerlassay is based on the
ability of living cells to convert dissolved MTT tm insoluble formazan, whose
amount is proportional to the number of living sellThe cell lines SH-SY5Y and
293 were first cultured in T-75 culture flasks. éftcells grown up to 70%
confluence, they were seeded into 96-well plateDihl each cell's medium with
an initial density of 1 x 10cells/well. After incubation for 24 hrs at 87 cells
were treated with different doses of MP (0, 1000,2400, 800, 100(g/m¢) and
incubated for 12, 24, and 48 hrs. After medium vegsoved completely from each
well and washed with DPBS, 50 of 5 mg/m¢ MTT reagent and 20@{ fresh
media were added to each well. The plates wereredwsith aluminum foil and
incubated for 4 hrs at 3€. The medium was then discarded. The resulting
formazan dye was dissolved in 200 DMSO and 25«{ of glycine buffer (0.1M

glycine, 0.1 M NacCl, pH 10.5). Immediately, optickEnsity (OD) was read with an
ELISA reader at 570 nm. The effects of MP to SH-8¥d 293 was determined
by 1Cso

To determine the neuroprotective effect by MP, SF6'% cells were treated

with rotenone (10 uM), rotenone (10 uM) plus MPQ13/m) incubated for 12,

24 and 48 hrs. The cell viability was also deteedimvith MTT assay.

14



[I-B-5. Animal experiments

Male Sprague-Dawlay rats, 6 ~ 8 weeks of age andhtge from 250~300 g
were used in all experiments. Animals were housad fper cage and under

controlled environmental conditions (12 hrs lightdark cycle and room
temperature 25 + 2). Food and water were supplied all the time. Retse

treated by MP powder dissolved in saline with do§el00, 200, 300 and 400
mg/kg each for 2, 4 and 8 hrs (each group = 5 rats).cbiérol groups received the

same volume of saline instead of MP.
[I-B-6. Total RNA isolation

Total RNA was isolated from frozen brain tissuesuling the Trizd™ reagent
according to the manufacturer’s instructions. TRAIA was precipitated from the
agueougphase by isopropanol. After washing with 70% ethaiavas dried and
dissolved in a small volume of DEPC- treatedter. Total RNA then was
guantified and purity assessed by spectrophotomigtyy measurement of OD
260nm and 280nm). The purity of the RNA wasified by gel electrophoresis of ~

4 g RNA on a 0.8 % agarose InX MOPS (3-N-morpholino propanesultionic
acid) buffer containing 0.2g EtBr. Total RNA was stored at -70 for following

experiments.
[I-B-7. Total Protein isolation

Total protein was separated in the organic phas@githe preparation of total
RNA and subsequently precipitated with isopropaant] then it was washed three

times with 0.3 M guanidine hydrochloride. After sy with 70% ethanol,

15



protein was dried and dissolved in 1% SDS. Pratemcentration was determined

by using a BCA protein assay kit. BSA was usecasstandard.
[I-B-8. Reverse transcriptase polymerase chain reaitin (RT-PCR)

For the cDNA synthesis, 4g of total RNA samples were added to a reaction
containing 0.1 pmol oligo (dT) primer, 1 X buffefD mM dNTPs, 20 units of
RNase inhibitor and 200 units of M-MLYV, the voluroé reaction is up to 4@
volume by DEPC water. The reaction mixture was lrated for 60 mirat 42C,
followed by 5 min at 7@ to inactivate the reverse transcriptase enzymalitu
of cDNA was verified by PCR amplification @factin. The cDNA was stored at -
20 C for further using.

The cDNA in the reverse transcription product wagpkfied using Taq DNA
polymerase. PCR reaction was performed inu20f the total volume using 10
pmol of corresponding primers (Table. 2). cDNA wasiplified under the
following reaction conditions: denaturation at®@4or 30s, annealing at 62 for
TH, 62C for AADC and at 5& for B-actin for 45s, polymerization at T2 for 30s.

The cyclic process was performed 35 times for TH AADC, and 30 times fo-
actin. PCR products were analyzed on 1.2% agarelsie @.5 X TBE (Tris-Boric
acid-EDTA) buffers containing EtBr. Intensity ofdiwidual bands was evaluated

by Gel Quant software (DNR Bio-Imaging Systems ).td.
[I-B-9. Real Time PCR

For Smart Cyclétll reaction a mastermix of the following reacticomponents

was prepared to the indicated end-concentrafignzt water,
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0.5 1 forwardprimer (10 uM), 0.52¢ reverse primer (1AM) (table 1), 12.54
SYBR® Premix Ex Tad" (2X) and2 £ cDNA. Tubes were closedentrifuged and
placed into the Smart Cycférotor. The followingSmart Cyclef experimental run
protocol was used: denaturatigprogram (95C for 5 min), amplification and
quantificationprogram repeated 40 times (95for 30s, 6(C for 30s, 72C for 30 s
with a single fluorescence measuremanglting curve program (72 ~ 95 with a
heating ratef 0.1C per second and a continuous fluorescence measni}sand

finally a cooling step to 40.
[I-B- 10. Western blot analysis

Total 10 g of protein isolated from brain tissue was sepdrdtg sodium
dodecyl sulphate-polyarylamide gel (SDS-PAGE; 5%clshg gel and 10.5%
separating gel) and then transfered to a polywieyle fluoride (PVDF) membrane.
Blocking was carried out with 3% BSA in TBS-T sadut (0.2 M Tris-base, 1.37
M NaCl with 0.1% Tween-20, pH 7.6) overnight a€ 4After membranes washed
several times with washing buffer TBS-T, the membgwere incubated with
primary anti-TH antibody (1:2000) and primary aADC antibody (1:1000) for
2hrs at 4C, followed by incubation with secondary antibod{&sL000) for 2hrs at
room temperature. The same amount of protein wadekb and reacted with anti-
mouse actin antibody (1:2000), which was used formalization of protein
loading. All primary antibodies and secondary lamdies were diluted in TBS-T
solution. To reveal the reaction bands, the mengoveas reacted with WEST-ZOL

(plus) Western blot detection system (Intron Bibtemogy, Inc.) and exposed on
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X-ray film (BioMax MS-1, Eastman Kodak). A digitahage system was used to

determine the density of the bands (Gel Quant, ENRImaging Systems Ltd.
[I-B-11. Statistical analysis

Data are presented as mean = S.E.M. Results aeae@ by Student’s test and
by one- way analysis of variance (ANOVA). A valueP< 0.05 was considered

statistically significant.
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Table 2. List of primers used for RT-PCR and real time PCR

Genes Primer sequences (sense/antisense Nucleot|d&roduct size| Gene reference
Position (GenBank #)
TH 5' CAGTGCCAGAGAGGACAAG 3’ No0.482-698 217bp M10244
(for real time PCR) 3 CTCTTCCGCTGTGTATTCC %’
TH 5" GCTGTCACGTCCCCAAGGTT & No0.93-472 380bp M10244
(for RT-PCR) 3' TCAGACACCCGACGCACAGAYS’
AADC 5 CTTCAGATGGCAACTACTCC 3' |No0.684-1028§ 345bp U31884
(for real time and RT-PCR)] 3 CTTCGGTTAGGTCAGTTCTC 5’
p-actin 5" CCTCTATGCCAACACAGT 3 No0.957-1111  155bp BC063166
3'AGCCACCAATCCACACAG Y
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[ll. RESULTS

[1I-A. Effects of MP on cell viability

Cell viability was tested in different cell lines ittv different doses
of MP (0, 100, 200, 400, 800, 1009/m¢) treatment using by MTT assay, which a
colorless tetrazolium salt is cleaved and converteda blue formazan by
mitochondrial dehydrogenases of living cells (Figtil Fig. 6). As shown in Fig. 5,
there is no significant effect of MP on SH-SY5Y lcahbility below 400 xg/mé
doses of MP treatment, compared with untreateds.céfl contrast, the living
percentage of 293 cells increased sharply abovex808 dose of MP treatment
for 48 hrs incubation. Following 12 and 24 hrs ipation, cell viability increased
steadily to approximately 200 + 10% at the highedd®00/g/M™ (Fig. 6). In
addition, MP did not cause any interfering effeats MTT reduction under the
concentration used in this study. The result reacc&that MP has no cell cytoxicity
to below 400ug/mM dose treatment for longer time (48hrs).

As shown in Fig. 7, the cell viability of SH-SY5Yas decreased by rotenone
treatment. However, the cell viability was increhsenen MP was added together

with rotenone. This result indicates that MP hasroprotective effect.
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Fig. 5. Effects of MP on cell viability in SH-SY5Ycells. Cells were treated with
the different doses of MP for 12, 24, and 48hrs theth processed for MTT assay.

Con: untreated control
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Fig. 6. Effects of MP on cell viability in 293 cefl. Cells were treated with the
different doses of MP for 12, 24 and 48 hrs thescessed for MTT assay. Con:

untreated control
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Fig. 7. Effects of MP on cell viability in SH-SY5Ycells treated by rotenone.

Cells were treated with 10@&/m¢ of MP (MP), 10 uM of rotenone (R) and 100

rg/m of MP plus 10 uM of rotenone (MP+R) for 12, 24h#8and then processed

for MTT assay. Con: untreated control.
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[1I-B. Free radical and Antioxidant activity

Free radicals are involved in many disorders sashneurodegenerative
diseases, cancer and acquired immune deficiencgireyre (AIDS). Therefore,
antioxidants through their scavenging power ardulider the management of
those diseases. DPPH is stable free radical at reonperature and accepts an
electron or hydrogen radical to become a stablmametic molecule. It has been
widely used to measure free radical scavengingifictihe reduction capability of
DPPH radicals can be determined by the decrea#s mbsorbance at 517 nm,
which is induced by antioxidants. As shown in R8g.percentage of free radical
scavenging activity of MP was increased dramaticisdm 44% to 91% between

doses of 100 to 80@g/m¢ of MP, while ascorbic acid exhibited 92% free cadli

scavenging activity. In contrast, the proportiodical scavenging activity of BHT
was lower than MP and ascorbic acid (between 4888 from doses of 100 and

800 ppm).
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25



[1I-C. Catecholamine genes expression

[1I-C-1. Effects of MP on TH and AADC mRNA levels epression in rat

brain tissue

To determine the effects of MP on the catecholarhinsynthetic enzyme genes,
we determined changes in mRNA level of TH and AADIG: first rate-limiting
and the second enzyme in this pathway. TH and AADRNA levels were
examined by RT-PCR and real time PCR. Rats weegeewith different doses of
MP (0, 100, 200, 300, and 40@/kg) each for 2, 4 and 8 hrs. As shown in Fig. 9,
10, 11 and table 3, TH and AADC mRNA levels incezhsn dose-dependent
manner. However, the AADC mRNA level was less tfifdh mRNA level. In
particular, TH mRNA increased by 2.2 +3 folds (FB{L), while AADC mRNA
level rose to 1.86 and 2 folds with doses 86(kg, 400mg/kg, respectively. At 4h,
TH mRNA level increased sharply and was higher tA&fDC mRNA level, the
highest expression (TH mRNA 7.4 times (P<0.0001) AADC mRNA 1.3 times
(P<0.05)) was observed with dose 2(©kg. However, both TH and AADC
MRNA levels were not significantly changed at difet doses for 8hrs in
comparison with control. The expression of TH anfDXC genes depend on MP
doses and duration of administratidimus, MP has a complex and different effects

on TH and AADC gene expression in the rat braisugs
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Table 3. Relative expression levels of TH and AAD@&RNA in rat brain tissue

by real time PCR after treatment with different doses of MP.

Relative concentration

MP (mg/kg) TH AADC
2hrs 4hrs 8hrs 2hrs 4hrs 8hrs
0 1 1 1 1 1 1
100 1.11 7.1 15.44 0.56 8.48 9.7
200 1.27 19.8 4.33 1.83 31.57 4.9
300 4.46 13.59 0.9 2.47 22.23 0.5
400 6.12 8.6 2.44 7.87 21.26 1.39
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Fig. 9. The effects of MP on the TH and AADC mRNAevels in rat brain
tissue at after 2hrs treatment Values (n=5/group) are presented as meaf.E

and compared by one-way ANOVA and Tukey’s test: 6®8% and ** P< 0.001

versus control
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Fig. 10. The effects of MP on the TH and AADC mRNAevels in rat brain
tissue at after 4hrs treatment.Values (n=5/group) are presented as mea8.E

and compared by one- way ANOVA and Tukey’s tesk@®5 and ** P< 0.001

versus control
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Fig. 11. The effects of MP on the TH and AADC mRNAevels in rat brain
tissue at after 8hrs treatment.Values (n=5/group) are presented as mea8.E

and compared by one- way ANOVA and Tukey’s tesk@®5 and ** P< 0.001

versus control
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l1I-C-2. Effect of MP on TH and AADC protein level expression in rat

brain tissue.

The protein levels of TH and AADC were determingdwestern blot analysis
at 2, 4 and 8hrs after treatment. All differente®sf MP induced TH and AADC

protein levels at 2hrs. TH protein levels increasemificantly by 1.34, 5.62, 6.92
and 9.74 folds with the doses of 100, 200, 300, #Rg, respectively (Fig. 12),
AADC protein levels increased highly significanly a dose of 10@g/kg by 2.53
times. But only at doses of 20@/kg and 30Q0ng/kg have significantly up regulate
the TH protein for 4hrs, but at doses of 1@0kg and 400mg/kg shown the down
regulation (Fig. 13). AADC protein levels did notarige at different doses of MP
at 4hrs after treatment. For 8hrs, AADC proteirelsvincreased considerably at a

dose 30Qng/kg by 1.7 times, whereas TH protein levels did nande at all (Fig.

14). The above results indicate that TH and AADGigin levels were significantly

up regulated with the treatment of MP
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Fig. 12. The effects of MP on the TH and AADC protie levels in rat brain
tissue at after 2hrs treatment Values (n=5/group) are presented as meaf.E

and compared by one- way ANOVA and Tukey’s tesk@P5 and ** P< 0.001

versus control
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Fig. 13. The effects of MP on the TH and AADC prain levels in rat brain
tissue at after 4hrs treatment Values (n=5/group) are presented as meaf.E

and compared by one- way ANOVA and Tukey's tesk@®5 and ** P< 0.001

versus control
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Fig. 14. The effects of MP on the TH and AADC prot@ levels in rat brain

tissue at after 8hrs treatment Values (n=5/group) are presented as mea®.E
and compared by one- way ANOVA and Tukeyest: *P<0.05 and ** P< 0.001

versus control
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V. DISCUSSION

Herbal medicines are therapeutically potent, carsid to possess fewer side
effects, and may be cost-effective as comparedhé dther synthetic drugs.
However, the specific mechanism of action of thelsat products is not always
easy to establish due to plant extracts or dewigatcontain a mixture of several
compounds some identified and many unidentifiedsgite of this, the therapeutic
effects of many plants are established. For exangdéura seeds are known to
contain anticholinergic alkaloids and have beerduse therapeutic purposes in

ancient times (Manyam et al., 2004).

The present investigation was carried out to evaltiae effects of MP on the
cell viability, neuroprotective effect, its antiobant status, free radical scavenging
activity and inducible effects on the catecholammesynthetic enzyme genes
particularly TH and AADC. The results showed thaP ignificantly upregulate
both the TH and AADC mRNA levels (Fig. 9, 10 and &hd protein levels (Fig.
12, 13 and 14). In addition, MP did not induce acsll toxicity to the
neuroblastoma cell line below 400z/m! dose treatment and increased cell
proliferation in human kidney cell line (Fig.5 are). MP also increased cell
viability of neuroblastoma cell treated rotenonig(F).

One of the major finding of this study is the adti role for TH and AADC
expression-related signals contributing to the @Anmonal survival by MP. Several
studies have been published documenting the gréaetiors, neurotrophic factors
and bioactive peptides stimulated the TH expresai@hsupported the survival and

differentation of midbrain DA neurons (Theofiloposlet al., 2001; Lopez et al.,
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2004). We found the novel effect of MP on the THl a&ADC induction in rat
brain tissue. The regulation of TH and AADC expmsshas attracted much
attention in the field of neurology. Indeed, thelbgical function of TH and
AADC is very improtant for the dopamine biosyntlsesis well as for brain

function under physiological and pathological coiodis.

The AADC is a homodimeric enzyme belonging to dhiamily of pyridoxal 3-
phosphate enzymes (Bertoldi and V\oltattorni, 2008ADC is a non-specific
enzyme mainly implicated in the synthesis of dopsmiand serotonin
( Christenson et al., 1972) through the decarbawyleof a substrates (L-DOPA)
and L-5-hydroxytryptophan in neuronal and also nenfonal cells (Nagatsu,
1991) the AADC is responsible not only for the decaylation of L-DOPA but
also for the decarboxylation of other amino acidchs as phenylalanine, 5-
hydroxytryptophan, 3,4 dihydroxyphenylserine, histe or tryptophan. Unlike
other enzymes which are involved in catecholaminsymthetic pathway, AADC
is still generally considered not to be limiting regulating of catecholamine
biosynthesis. Nevertheless, some recent studieaoing the regulation of AADC
in vivo and in vitro through phosphorylation indieahat this enzyme may play the

role in regulation of catecholamine biosynthesisyWire and Haycock, 2002).

MP treatment is known to increase the dopamine etinin the rat brain
(Manyam et al., 2004). MP exhibited twice the aatikinsonian activity compared
with synthetic levodopa suggesting that MP may aiont unidentified
antiparkinsonian compounds in addition to levodapahat it may have adjuvants
that enhance the efficacy of levodopa. The medinaftor PD has mainly focused

on alleviating motor symptoms. However, the curreajor focus of research is the
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development of drugs to slow the degeneration efdying dopaminergic neurons
or their regeneration. Coenzyme Q 10 and NADH hemnlused in an open label
trial as a novel medication in patients with PDingsa parenteral administration
technique (Birkmayer et al., 1989). Support forngsNADH in PD treatment
includes claims that NADH stimulates TH and dopaminosynthesis in tissue
culture and in humans. A beneficial clinical effecas observed. Concomitantly
with the improvement in disability, urine homovdicil acid level increased
significantly, indicating a stimulation of endogeso levodopa biosynthesis
(Birkmayer et al., 1990). The orally applied forinNADH also yielded an overall
improvement and was comparable to that of the pewally applied form
(Birkmayer et al., 1993). Most PD treatments ptdlisymptoms by increasing
nigrostriatal dopaminergic tone (Birkmayer and Bidyer, 1989). This may be due
to the presence of NADH. MP powder also has a fagmt amount of NADH and
hence it can possibly increase the mitochondriatlex-1 activity and dopamine
synthesis benefiting PD patients. The antioxidart aeuroprotective activity of
coenzyme Q-10 was also proved in animal models evimyenzyme Q-10
administered orally prior to treatment with MPTP swéound to protect the
nigrostriatal dopaminergic system (Beal et al., 8)9%€oenzyme Q- 10 also can
protect against striatal lesions produced by bo#iiorrate and nitropropionic acid
(Matthews et al., 1998). MP powder contains nate@nzyme Q-10. Despite
smaller quantities, it may have an adjuvant eféext thus enhance the therapeutic
effect of MP powder in PD. MP powder, due to itdi@idants and increased
complex-I activity, might have a protective effesh the 6-hydroxydopamine

damaged nigral neurons. Another possible mechargsid be monoamine
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oxidase inhibition providing a neuroprotective effeMP did not have any effect
on the mitochondrial monoamine oxidase activitysteliminating the possibility
of monoamine oxidase inhibition leading to neurd@cton. There is evidence that

MP seeds have an antioxidant effect (Tripathi apddthyay, 2002).
In conclusion, MP did not show any cell toxicity eev with high dose
(400:g/ml) and longer time (48hrs) treatment to human ndasbbma cell and

human kidney cells. MP showed the neuroprotectffereagainst rotenone. Also,
MP have up-regulated both TH and AADC genes. TloeeefMP could have

therapeutic value in the improvement and treatro€RD.
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