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Abstract

Although dopamine deficiency is the target for the treatment of Parkinson's disease (PD),
dopamine is not the only neurotransmitter affected by PD. PD can also disturb the
concentrations of other neurotransmitters, such as serotonin, norepinephrine and acetylcholine,
which may affect the mood, behavior and cognition of PD patients. In this thesis, we analyzed
neurotransmitters by mass spectrometry, and quantified the neurotransmitters in neuronal cells
during neurogenesis and neurodegeneration. Neurogenesis has been the focus for the treatment
of neurological degenerative diseases. The neurotransmitters could regulate neurogenesis
directly. Therefore, it is imperative to understand the regulation of neurotransmitters during
differentiation. We found that the dopaminergic metabolism pathway of PC12 neuronal cells
developed vigorously during differentiation, and the neurotransmitters were metabolized into
3-methoxytyramine and accumulated 3.1 folds in the cell medium. Adenosine also increased
5.9 folds in cytosol, indicating that high amount of energy was needed in the differentiation
process of the neuronal cells.

Neuronal cells exposed to rotenone in the early stage of differentiation increased the
serotoninergic metabolic chain in the early stage, and the neurotransmitters returned to normal
level in the late stage of differentiation. A rescue mechanism may be induced by the rotenone
stimulation. Low concentrations of rotenone could induce the differentiation of the neuron cells,
leading to the features of the PD model. While the differentiated neuron was exposed to
rotenone, the precursors of the dopaminergic pathway could not be absorbed into the cell, which
caused the lack of neurotransmitters, and affected the mechanism of dopamine reuptake. There
was no rescue mechanism observed in this process, and even low concentration of rotenone

could cause serious damage to the neuron.
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group 2 VGV 5L @R R (S 2 TrAk o fipPRdk 7 fiF (acetylcholinesterase) -k f% o
A R AL T 0 T B R R S il s b g A S g ¢ PEgk ¢ fpdg 45 e (choline
acetyltransferase, ChAT) /% f-die it ¥ ~ ™ » cholinergic % sverad Feng = e ffondr £ &2 20
it > cholinergic & %t22 dopaminergic & 327 T ffy ¢ id = 2 I % §f 3k % [24] -
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Ao BF IR T NS % BRER U RAAGY BRI R ey

B2 5 %= R E L T E R e S e g 0 730 2000 £ EEEL B %?
2.1.2.  FHEHR¥EPIA GRS HESR
1990 &= 41 * B ixAp ks kA s 0 F CRREGT I RBLE 447 H RE GEL

A S VTR 3pg X 5pgc TS S R ErRLE V| LS TER
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WL AT 30 BHRETHEF2AFE - ENTHERONR PERER] BRDRES
PG REY S FApS FHHDY 2 R AT F 1996 £ @ R B G AR
FARFEF B R TR BRG] LR SR P IR SR L PR
o kHpHE'LE 25 fmole > 2 HH S0 E 5@~ R &RHRITB 5 15
pmole » ® ji7#4 it TAR & SHFBEE > FP SPEF AT 2R p i Ui et
EFAATHRATRSE B9 FAApE P g e PR Pt ¥ bR R L A FG
#ERRPHENRT IE 1pg T F AR HFHRRRI G ZEF R 2 < 3T BMHAN R
T SRS MR T PR ROE AR ¢ RS AT St P B RARUR R O R
R BN RERLINZE RFAI FTHOI VN A F A7 01999 & 7 =0 1 *
V- AT T P AT A A SRR SRS SRS R R TR
(MALDI-PSD, matrix assisted laser desorption/ionization - post source decay) > ¥4 53 P%x
EERFRIT F A FETNFT R 13927 g BREAN G PR BELRS RF
RER Sl i RS A L

2000 & Ap A 1T R R 1S R RpEITTHRS A S GRS (P FE
g¢g;ﬁw%a@%éﬁﬂ@@%%%am@ﬁywﬁﬂﬁ%%i%%~ﬁ%iﬁ%
FEaRR oA LBEFRESWR S FR D ARES  ORGR S EiRE B
HREIPAGGEP 2T N P Qo AR TH R EARA S E
PR % -pRGERAAR 2 Rt GBI E 2 A o Flt T D
AP E7 bRl T2 0 & JHr ¥ PR Rl v 0 5 AR Y o iR T KB
g2 LR RIF AR S AT LR RPEIT i 2X10° M R R R
SORIFTT R F oA S g TR R B R R T R S
i o

EFR THROPAHERES 22 PEFIAFENAPT S npsd ~ f§ H
iéﬁﬁ%?gﬁgm%&—géﬁﬁm?d%ﬁw%ﬁS%ﬁgg%Lmﬁwmms

Sk 5 B F T RI(MRM) e 1r e (NL)je B 3058 - B 3 6538 phipl 22 p 4 i
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B H & € & a0 R23E tyrosine ~ tryptophan % glutamic & #H4a¢ 023 B AP R S B o @
3= Tryptophan (Trp) ~ 5-hydroxy-DL-tryptophan (5-HTP) ~ 5-hydroxytryptamine hydrochloride
(5-HT) ~ 5-hydroxyindole-3-acetic acid (HIAA) -~ g-aminobutyric acid (GABA) ~ DL-
tyrosine(Tyr) ~ dopamine hydrochloride (DA) -~ norepinephrine hydrochloride (NE) -
epinephrine(E) ~ 3-methoxytyramine hydrochloride(3-MT) ~ 3,4-dihydroxyphenylacetic
acid(DOPAC) ~homovanillic acid (HVA) ~ vanillomandelic acid (VMA) ~ glutamic acid (Glu) ~
succinicacid (SA) & 4+ F > ) A 472 R ZE A FRWIRI > REL - LA A g0 g

P TSl AR g o B T B s BT o R [49]

213 A S gt (L s

B

R RA A L LCNS) A G R AT A AR 4 > FP R %
& A SR R feAl lm P My R AEA G F B S 0 A A g i m@ﬁi)]* S
TR oA Gwme s VERDRE VI A GBEL D BN SR A FE
TR RENF SR A GA B GURM R 0 G RI%F 9% F T % (subventricular
zone, SVZ)Ffris 5 # & v (dentate gyrus, DG)=%f T ¥ (subgranular zone, SGZ)[50] > %
RS BES AP PBAAS L e b Lo

P PGPIRTRGE M e RIEF cn d T s @ Tz B 8 8 A P SRR W G4
FEDRIREAGET RIS TRV A G ENAE L AN GHFL TEET F o
g | Qtak & pm6-5g 4 5 7 mfitd] > R TR E F &Y 5 7 iy
MWEA S RERTRGE T RA AN SO AR R K 40% 0 B 5 T Ry HA S
AR A [B1] e ¥ - BT P BEH A G T T IR R K B A
oo F 5T e Dy R Mgk R s R UK o) BUAR de e g Ae [52] o 5 reitA I
PP WA VA Gl o w2 4 4P R it > § T IR B

ALY E AR ey S PR
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£FRGO FLALBER G PG o LGRS AR AFTAER
Lo MR A GUEBL FEEREIAGFIFRE > LR G RERA T
B A g i 4 [53] o fipe B Eir ¢ i F F L P-4 418 ¢ Fluoxetine - H iwre e iR &
B bv B A0 o ve 57 cPsHAL A B T oA WATH 5 A i 4 [54] o B-HT R s @ Hehg
Fof [+ 212 B 3 iv308 5 SVZ fr SGZ ¢ = #84¢ [GAe ‘wm¥e crdff 78 > 4e 5-HT2C £ 4 e
B SVZ & 24 56% i 4v 0 @ 5-HT2A X R enfedrd /3 5 &k w3 @ 3 7 wmbe o
#E RS 639%[55] -

ERASE T EVEE  EE FANEE T EE RSy AR L L
Ffrm H[56] o Antmie ¥ P R ARG EO B F o AT R i
¥ 040 SGZ & SVZ ¥ 4 lmie 2 PG A R ’ﬁiﬁiﬁ EE B4 }q‘—i"%"”ﬁ&%I
PR r R P F AR I R E ARG TR ’ﬁl% i 2 Ae dm e
(progenitors)# 7 e s ] o

NA Y MR G A S A E ¢ R SGZ P e e b MR F e REA
[57] - & * EIWH 4% (v fprkae 4 BN LB E 10 2 oy AP 0 4 e ML £ a8
ot W3k SGZ i A 4o > @ UG L M eiEE B § A F ehit ¥ [58] ¢

GABA H & E ¥ o4 + #od i Rl SR F o A &d P A K AH %
e o &AM e f8[59] 0 A% & SVZ ¢ > GABAA £ & ihifiE 4 i GABA $37
TR P e F el ivH > ¥ A GABA A e riirimie a4 P BRI D
#41[60] > P GABA g v fr 8 S8 4 FaY HH girwe ferh SHA L AL

FAgEL e
EESLEE R

2.2.1 & &

Acetylcholine, (S)-2-amino-3-hydroxypropionic acid (L-serine), dopamine hydrochloride

(DA), dopamine-ds (DA-ds), 3,4-dihydroxy-o-(methylaminomethyl)benzyl alcohol

13



(epinephrine), y-aminobutyric acid (GABA), glutamic acid-ds (Glu-ds), histamine (HA), 5-
hydroxyindole-3-acetic acid (HIAA), 5-hydroxytryptamine hydrochloride (serotonin, 5-
HT) , poly-L-lysine, L-tyrosine, melatonin, norepinephrine hydrochloride (NE) ,
norepinephrine-ds (NE-de) and nerve growth factor (NGF) were purchased from Sigma-
Aldrich (St. Louis, USA). Adenosine-2-d; was purchased from CDN Isotopes (Vaudreuil,
Quebec, Canada). Levodopa was purchased from U.S. Pharmacopeia. Prostaglandin E>
(PGE2) was purchased from Cayman Chemical (Ann Arbor, MI, USA). PC12 cells (rat
adrenal medulla pheochromocytoma) cells were purchased from ATCC (CRL-1721)
(Rockville, MD, USA). Rotenone was purchased from (Merck Millipore, Guyancourt,

France)

222 % B

UHPLC i * (Thermo Fisher Scientific Ultimate 3000, Dionex, Idstein, Germany) s st - ESI-

Q-TOF (micrOTOF-Q I11, Bruker Company, Germany) -
2.3 4 ol T R ERT
2.3.1 4 = F B

e BOBRR A s FBew #0320 -80°C mfE R Stk ¥k 0 4o~ 300 pl 0.3%
Formic Acid 4 &t -k22 400 ng 7 4 SR EH LB > 20k 425 4 2 F 60% Amp
10 #y » B 1530 4°C T oo 15000 rpm + 42 48 o e B b i 250 pl X ATHCE A B
f =03 4°C T e 15000 rpm - A48 0 B fS B e 200l 3 10K A F T 4°C T A
s 14000 Xg I A48 0 (ST K piRES I P F o A ERFTHRDEASF -

W EE & R FBIRA  F Bem #1815 30-80°C ke e 5ot ok b Tk B3z & % 200
uL >t pc g g g 1 i e 0.3% Formic Acid f& it & &> *t 4°C T &< 15000 rpm -+ 4 43 >

BBt 0l I ATHcE g g e * 23 0.3% Formic Acid 2 &+ J\ﬁrﬁ* IR S

14



Apte 400 ng F A0 S F AR Rotip e Y o AR R 310 pL 3 10 k A S et

>

4°CT 3w 14000xg I A48 = 6 BT R g BB I )P g oA ERTHF RS
232 % EAH

AL B AT & (UHPLC) ~ 45 » & B 4 & B~ 20 ul & &8 >t & 45 ¢ 4 Acclaim
RSLC120 C18(150mmx 2.1mm, # “c g4 2.2um) » g 437 30°C & A4tk d& o i@ * fh
#4p A 5 773 0.3%formicacid & &+ -k > #&4p B 5 73 0.3%formicacid ¢ % » # #
AER R & 0.075ml/min imiE T o AR sadF 100% e A48 B F AT A4 1£_100%
-90% > £ 4 90%-0%*t = A da R o Bt adF 0% - 2480 BT Adap 2w 0%-100% T
23 100% 13 A 4m 0 R A A L REF B RBAETER PR

TR R4S v (ESI) $8cE 4 b & * g 200 ub/min % i > £ 5% 500 nA > 7 & 3500
Vo % 5 &+ lbar(15psi)- & # ini OL/min- B & 5 200°C» § # HF &« & & 5 0.25
mm e

riEh FHEER TH# K (QTOF) » FIFRHENTEA Y » &5 5 BT @ »
tunemix electrospray calibrant solution +& it j t it B 3# ik & v* 44 e~ > 90 & > P &
oo MAFRERE S R EFHRITHE FEFEFIESR 80-300m/z o ¥k TR

£ F BE PR 35 (MRM , multi reaction monitoring) ™ 4 f# p {5 £ 4 & > MRM

SEERAFPPEFARGEE A GREF L FRFLAZZFF % - FF 014045
s < ARRHA(MSIMS)E 3~ B A S Bthin Bl fafes > - %7 1525 A4 5 i
S X ABEGS(MSIMS)E 4 L - A S B EEE B2 R L 25-40 A e 7 MS
FEro T R ER & T - &R
233 T E 473 %

2y TR AT NGB P PR SO e o 2T R A 4712 > Glutamate
Dopamine ~ Norepinephrine ~ Adenosine = fa# 5 i@ 4 5 eng 2 & v g R B 5

HEVBHE > A PR HTREAOR ) PR AN S REF SRS N SET
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HFET N R AL G ﬁx/‘u mre fcis o fu | i hT 3o ﬁ R s R Bis

>

UEAVERAPH TR SR (SN D)o P B A S BEFERR M > SETHTT
il gl R ] ﬁ%v MErdlEnT o FEINBHZE O RSN AV ETRPHERR

trRBE(NZ).

Equation 1:

Als _ CIs
ANT ~ CNT

(AIS & N R S RH350 0 fF 0 ANT S 4 S @35 Tasusia /- CIs 5 p iR &
FRER CCNT LA SBEH LA LR » Actrl % #2420 Fgie ff Ti0E )

Equation 2 :

Area NT Area average ctrl ) o
+ X 100% = NT relative quantification
cell number ctrl cell number

Equation 3 :

Area NT _Area average ctrl
NT 20 uL media = ctrl 20 pL media

X 100% = NT relative quantification

2.3.4 Byt A5 2

TP oy TR B A TR A SRR 0 B R H SR A AT 2 E
BooR BN T R WE G AR T i AT A e R ST 151965 *F
t>2.58 ; ***t>3.29 -

2 4 T # % (Student's t-test) * »>> b i kA ed BLIDE L B RAE ek > 2 0 *
P IR ET A B S S A TS BEORDI R EIRF A hHTY Y

g HEARBPIE B4 TH 25 2457 4 5 *p<0.05;** p<0.01; *** p<0.001-
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24 %
241 ] A3 S A 45T 5

Fl g-tof Fi RGO HEFEARE > JIF L HFREIH A A A FHF 0 2

GRS RS EHAEEY TEH £ Human Metabolome Database (HMDB) 7 #L

B ORHE TR TR o e A OSSR T RER R R A T R

Lo dedk- im BV Sl AR B FFHES R E TR kS

R B fEE R FAMELIER

TABREEFTER

Ao CHETRIAGFTET

X

|

No. | Metabolites Observed Theoretical = Error MRM
mass (m/z) mass (m/z) (ppm) RT(min)

1 glycine 76.0448 76.03985 65.1

2 alanine 90.053 90.0555 -27.8

3 GABA 104.0737 104.07115 24.5 3.2-4.8

4 choline 104.1051 104.10754 -23.4

5 serine 106.0496 106.05042 -7.7

6 histamine 112.0877 112.0796473  71.8 3.7-4.8

7 L-pyroline-5-carboxylic acid 114.0544 114.0555 -9.6

8 proline 116.0708 116.07115 -3.0

9 L-valine 118.0857 118.0868 9.3

10  threonine 120.0661 120.06607 0.2 none

11  L-cysteine 120.986 121.0197492  -278.9

12 5-oxo-proline 130.05 130.05042 -3.2 12.2-12.9

13  L-isoleucine 131.0886 131.0946287  -46.0

14  leucine 132.1016 132.10245 -6.4 15-17.1

15  aspartic acid 134.0446 134.04533 -5.4 4.7-5.3

16  tyramine 138.0547 138.084064  -212.7  19.7-20.1

17  2-propyl-2,4-pentadienoic acid 141.0848 141.09156 -47.9 10-10.9

18  L-lysine 146.1368 146.1055277  214.0

19  acetylcholine 146.1182 146.1181 0.7 5.9-9.0

20  glutamine 147.0758 147.07697 -8.0

21  glutamate 148.0601 148.06098 -5.9 4.7-5.9
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22
23
24
25
26
27

28
29
30
31
32
33
34
35

36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

D5-glutamate
dopamine
L-histidine
D4-dopamine

succinylacetone

2-amino-4-methylenepentanedioic

acid
3-methyldioxyindole
phenylalanine
3-methoxytyramine
norepinephrine
L-arginine

suberic acid

Dé6-norepinephrine

n-carboxyethyl-g-aminobutyric

acid

serotonin
adrenochrome
tyrosine

epinephrine

L-dopa
L-acetylcarnitine
tryptophan
n-acetylgalactosamine
4,5-dihydrovomifoliol
suberylglycine
butyrylcarnitine
melatonine
hexanoylcarnitine
adenosine
D1-adenosine

hydroxyhexanoycarnitine

153.0905
154.0854
156.0733
158.1106
159.0619
160.0761

164.068
166.0864
168.1002
170.0794
174.11
175.0929
176.1172
176.0899

177.101

180.0709
182.0793
184.0955
198.0767
204.1196
205.0823
222.0943
227.1605
232.1176
232.1681
233.1259
260.1906
268.0993
269.1057
276.1905

18

153.104305
154.0868
156.0773
158.12146
159.06573
160.06098

164.07115
166.0868
168.10245
170.08172
174.1116757
175.09704
176.13371
176.09228

177.094963
180.06607
182.08172
184.09737
198.0688078
204.12358
205.0898776
222.09776
227.16472
232.1185
232.15448
233.1211778
260.18618
268.0967539
269.1054189
276.1811

-90.2
-9.1
-25.6
-68.7
-24.1
94.5

-19.2
-2.4

-13.4
-13.6
-9.6

-23.6
-93.7
-13.5

34.1
26.8
-13.3
-10.2
39.8
-19.5
-36.9
-15.6
-18.6
-3.9
58.7
20.3
17.0
9.5
1.0
34.0

4.7-5.9
9.4-12.0

9.4-12.1
none

none

19.4-20.3
17.7-19.0
4.8-5.6

5.2-5.9
4.8-5.6

18.1-19.0
21.3-21.8
16.1-17.0
5.9-8.0

12.6-15.0

20.5-21.2

none

none
22.1-23.5
none
16.5-17.3
16.5-17.3

none



2424 S @R g T 5
Bk - P A FEROH GREFTY A4 RS ARY B DESA G
BEFEFEET CRES RFEEF T A I AFAR T O AN 0 B Aok

CHEERPTAZBA LB AR FTERA LTS FHRAIRLN] AS AR

|

BAPR - ERPFEARAEL o B TH R ABRREY DRV op Tl

P2}

fRl > TRAFFTATHEARET AR AT M AR AP LA
ERENEF Oy TS FRE o RN TR EI IR NS XE R
(catecholamine ) # & F12% 40 Ir B4 %)@ 49 I < ¥ fis (phenol) & 2~ + > 3 4% 91 m/z

S R FERE A B T AR R R (W) blde S TR E R R B

e Bj 0 d T R RE S PR RIRACD 0 AR B R AITREST § & 10 &

&

Mo A RFHRAT € i'ﬁ 7] 154.08 m/z & 158.11m/z 3 5L » £ S FH &R - =<
Bizz %4 25 eV i & 0 154.08 m/z 4 f# 4 137.0 m/z ~ 119.0 m/z ~ 91.0 m/z » 158.11
m/z A j& 1 141.08m/z ~ 123.08m/z~95.07m/z > & % & ZEEAM/Z 5w B § R+ Fiwr
TN T e RN o TR g FIF S AARE G A AR R
R B RS T ORAEFERE 9L miz i 0 A 9Ll miz i sE G ff i B E
Ppo MEF LA GBES A CHREEGTHRY T AAEFRVEFTRER

HAEi R HER 20 BH PR ERES AT S(R ).
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Intens 112.08>95 Intens, 146.11>87 Intens. 148.06>84

] Histamine 4 Acetylcholine Glutamate
] x10 2500 130.0
1000 ] 2000
E 95.0 87.0 84.0
E 1] 1500
500 3 1000
] 102.0
] 146.1 500
i N ol, : T, L .
60 80 100 m/z 50 100 m/z 50 100 150 200m/z
Intens. 154.08>91 Intens 158.12>95 Intens. 168.10>91
3000 Dopamine x104 D4-Dopamine 250 3-Methoxytyramine
] 1.5 200] 910
141.08
20003 137.0 o 150 119.0
1 95.07
1000 119.0 100
91.0 05
; ' l 50
04, L.l. 2 . 0.0 L 0 1_1_“.
50 100 150 m/z 50 100 150 200 250m/z 50 100 150 200 250 m/z
170.08>152
Intens ‘ ' Intens 176.13>158 Intens. 177.09>160
Norepinephrine ] D6-Norepinephrine 4 5-HT(Serotonin)
152.0 ]
6000 x10
1500 1
158.1 31 160.0
4000 134.0 1000 ] ’ ’
2]
2000 500 ] 1
] 115.0
‘ I N 04 , l l ,— 01 A h .ll' e
050 100 150 200m/z 50 100 150 m/z 50 100 150 m/z
198.13>152
Intens. 182.08>91 Intens 184.09>.166 Intens
L-Tyrosine 47 Epinephrine 5 L-Dopa
1000 x10 x10 152.07
91.0 3] 37
800 136.07 166.0
600 2] 21
400 L] 107.0 11 “
200 “
ol 0l or ]lJL' P 0 l”lv.-!“
50 100 150 200 250 m/z 50 100 150 m/z 100"~ 200 m/z
Intens 233.12>174 Intens 268.09>136 Intens 269.10>137
Melatonin X104 136.05 Adenosine 3000] D1-Adenosine
30004
174, 1.00 2000] 1370
2000 74.0
0.50 10004
1000 269.1
268.09 T
0 . i —_ 0 J otnd 0 T T T
100 200 miz 50 100 150 200 250 m/z 100 200 m/iz

W=~ 2 RFEnTHR I HREY AARE -
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HEOEF RS TR AT R AWML S F A A RPN TR R B
SRR AR RS A R T

Po s FHGS SABAN SRS ET

No. Observed Identified Neurotransmitter Retention Section Collision
Mass m/z Mass m/z Time(min) (min) (eV)
1 104.07 87 y-Aminobutyric acid 4.0-4.8 1(0-14) 30
2 112.08 95 Histamine 3.7-4.8 1(0-14) 30
3 146.11 87 Acetylcholine 5.9-9.0 1(0-14) 20
4 148.06 84 Glutamate 4.7-5.9 1(0-14) 25
5 153.09 88 Glutamate-D5 4.7-5.9 1(0-14) 25
6 154.08 91 Dopamine 9.4-12.0 1(0-14) 25
7 158.11 95 Dopamine-D4 9.4-12.0 1(0-14) 25
8 170.08 152 Norepinephrine 4.8-5.6 1(0-14) 25
9 176.11 158 Norepinephrine-D6 4.8-5.6 1(0-14) 25
10 184.09 166 Epinephrine 5.9-8.0 1(0-14) 25
1 138.05 121 Tyramine 19.7-20.1 II (15-25) 30
12 166.08 120 Phenylalanine 19.4-20.3 11 (15-25) 25
13 168.10 91 3-Methoxytyramine 17.7-18.7 II (15-25) 30
14 177.09 160 Serotonin 18.1-19.0 11 (15-25) 25
15 182.08 91 Tyrosine 16.1-17.0 11 (15-25) 30
16 192.05 146 5-Hydroxyindoleacetic 21.3-21.9 1T (15-25) 30
acid
17 198.13 152 L-dopa 12.6-15.0 11 (15-25) 30
18  205.08 188 Tryptophan 20.6-21.0 11 (15-25) 30
19  233.12 174 Melatonin 22.1-23.5 11 (15-25) 30
20 268.09 136 Adenosine 16.5-17.3 11 (15-25) 20
21 269.10 137 Adenosine-D1 16.5-17.3 11 (15-25) 20
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= F PCI12 'm¥ & fv
§: — .3“7 R Lo~ 1% L
3.1 %3
~ [“‘c Vé > R % QA ., , >
3114 5 B iz w2 B 1%
# K % T ENE T A R 0 G e SRR A g ks
B > B A PG4 Kk Flmbe it G o :]V_}_jd ‘fg“\f@m?é 733 ‘Bi;}[::l o 4 “im‘-}ﬁ' % PE’@ 4
WS R PIREBIEBRI G K pE N R p N3 4R[61] 0 P T E
Fostst S fenizimie B4 2 A BB T A0 02002 & F T 4RI mre A T
X v A BT A BAF G ARk > S AR AR L AES
'Jf”‘ff'%{ﬁfﬁ‘«f",ﬁ 15 ¢ $Q1¢ ﬁ;ﬂi |/ﬁ*/j_‘ i GhE 3 _?_"bﬂ‘fr'ﬁ ve s Bt p 1}%1‘

L rpit ot A ek B [62] -

o iv Gizimre > 58 5 @ % Fv 2 Fr 4 150> 4o High-mobility group AT-hook
2(HMGA2) i - #4x%)+ » B iEcg R ¢ gr»fpg s H4FF])S (T% P A > Hmga2 1T
* 4] % Frd] plee fo ploAT inie ik e (NSCs)enp 2 { &7 » Hmga2 chi 4 & ¢
BB iz mp A ATERERE T Fizee £ X4 0 Flp HMga2 wrs 524 i
Frlmie? 2 BRAZ BEF A EE A L& BT E O gL HMGA2 #2040 ¢

82 (NPCS) ted ) 4 TFA B cnB i h & R G2 £ 8 » © 4§ 2430158 7 NPC &

T RS R LN A e [63]e ¥ - F LA it F]F SOX2(sex determining region

Y-box 2)F_fad4F A & it riizimiz p AL AT A0 5 5 e TS v > SOX2 ¥
#-34 WA 1587 o2 (Induced neural stem cells, INSCs) 4 i+ -

Y o BEH KRR BRIl R B M Ra o - EF TN Y
BEF AP RAGEAACNS)? L3 £ & oA GBEP LA Tirwre s P EH D
BRE ALFIHA LA LA A T H W kS 4p T (7% [50]- & 2008 # @)I?Jg%\, L

GABA # 5 H4 frf 31 &5 5 92 2503 7 3427 - GABAA X 8 crjpris R e g 14
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e AR H S e G S P T A BRI AR T PR 1IR e ey
72 [64] o § = veid B RSN RA T & 14 4 (lateral ganglionic eminence, LGE) e ‘w2 iF 8 @
BHATRMA G A DM A B ATRORMA SRATL o v IR F T MRAT R Y
T o TR 5T v BELA L B T P endp B 12[65] -

A

F_&

FRUIET > wme P irwe s L aA AR KBRS XhH o TP
LiEAE? FRPEH GAFALGE F W s Bl e 2 AR Bfn i
Y- €8 o iy A4 e bR S LR BA G e o
3.1.2 A & hmie & it

MG mre X A G A SR & 4 iz A 4 (cell body) ~ bk (axon) ~ A% (dendrites)
W o dmie AR E e ot o 3d b 0 R Az (processes) e fhR & - i H - wk hp R R
Az #dme AR S 4 BT ks en R fg(synapse) » A R E R PP 0 S A h R
AREH ¢ R o B eh & £3F Pk oz (schwann cell) » 4p 38 e prim ¥e 2 B ek B 2% 4 ¢
Wi =~ % (Ranvier's node) o # bR h2 £ T £ - BAF AR fFwie A2 5T
ghd AR I A G AT AR AN R B A SR v e % 7 AR B
[66] » #r E§ A SHE R BT EH R - c BRA- B e AR D oGk
RA2 o RV EH B A G ARG E > LS o R TR D] 0t 5L[67] -

%1 9ef 4 40 %% % (Pheochromocytoma cells, PC12) % fAd i 2 $- 8474 ¢ g
#4454 s § (neurosecretory studies) e#7 3 o vp 4L fmte ki p 4 Bl RS Z R %RE
H4v 0 Bedpan i PCL2 mre chifBhg 5 0 BT SR 2% A
A B PCL2 fm%e tuf g b AL RO e ¢ % [68] 0 PCL2 fmoe k dodv £ % 1976
# Greene ¢ Tischler ji* 8 &+ SR @ chmds? & 4 %[69] 0 £ 3 % p 4 Faie
kR 4 A e ok b i & R R 4 s - fE 5 PCI2
R ERAA E AR L R 2 CaXikigr= N3 fmit s 2 £ 4 it PC12

A e v i d A 5 s £ F]3 (nerve growth factor, NGF)# 3 TrkA < $2[70] = * & {7 &
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i > ¥ it RafMEK/MAP s 5 i[71, 72]22 PLCQ/IPKC £ &[73-75] » i& & ‘m¥e & 4 Fr
FIAE A e AREH A A SR A b S R R B A TR A 12 PCL2 fm

2 > ¥ 11 1 FH(metabolism) ~ & 75 (storage) ~ ¥ {x(uptake) 2 4 ;& 52 & fis ¥&4F (catecholamine)

G

WiamgEyg, 4

3 PCI2 fm*e B 23s % ~ BB A > HERF VL 4 HIET A AN #9 PCL2 M

R %”"‘ﬁ‘%[%] AR Gwre B

AR G A A P Efod G g A ks o

E s ”ﬁl“‘%ﬁ%,ﬁm’?éﬁ”;\%d G4 R TFFBIEALE s me B ap SRR FMEEAF K
R CaZ 2 4tif B Mg ardl - 8 T Ao sm e B £ LM LA T L
g A 2 R TR B B A M IR N L D KRR
e B ek B8 T R B iR A FT[76] 0 Flet T Bﬁl“‘%ﬁw‘?-gm’?éf}%’% BRE

LR R F S e e o
LA L

3.2.1 & /44

Nerve growth factor (NGF) was purchased from Sigma-Aldrich (St. Louis, USA). RPMI media

1640, fetal Bovine Serum (FBS) and horse serum (HS) were purchased from Gibco (Grand
Island, NY, USA).
3.22 # & imiE 32 & B
BEA Gwme (T gijlvgégzmé:ﬁv PC12)/F ¥ L ed@ it > U4 (S hmre phot o f
4 > e ¥ 0.1 mg/ml 3 polylysine » B~ 800 ul polylysine 323 T & A 6cmi &% - B E Rk
AgBis o Iml R FP KR e § e polylysine T3 50 0 B OE BB PR AR 24
B R ARE T X e A A A 4aRE R CHE 30 A48 RiF 4°Crk s o
fed ez X% o fe¥ vt b5 1k 2308 985 % RPMI ~ 10% HS(JE £ & 56 °C -k

R A 30mine F 104248 THE) 5%FBS 1% PSR £33
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fwre 3 & ¥ medium 37 °C fER KA Y R A 20 A4k o Bl g e B R K T0%
e A r EEFETS 2 ",f\i% &% 0 4~ 2 ml medium & > % medium £33 %
r P Emre b T s IS ? ¢ oB-tm e ot ET 0 B fé B~ 1ml fnre %% 2 3.5 ml medium %

Bemiz A ¥ o HR353 o PG wre 430 % FkE 4 37°C ~ 5% CO235 &

PRE Nz X (8EE
A g T IEE S fe B A T M Fmte R R 0 fe R0t Bl G 23V e 98 %

\\

RPMI ~ 1% HS(E & % 56 °C -Rip M 4c# 30min) ~ 1% FBS ~ 1% PSR £353 - 3k i*
Gve A 1 E M- s R B 37 CCHEIR R ¢ TR 4 20 A 4 N G e R K 70%:h
WA R FAETL S ﬁ:i‘* B o der 2ml M FR ARG A b Bee
T E NG P e A B (5P IX10° B imre Bt Bem s £ A o X% Ky
AT HA 2 4ml 2 4o~ 4l 100 ng/ml NGF © 48 hr 15 » { 3% 4 7733 4 % 4e 4 uL 100

ng/mINGF » 5= 2 % Shmre o it 2
P
33 2%

3.3.1 4 g imre A

PC 124 fim®e & 1% X 3 3 A& F AL G ] et £ TS 2 gk T T 5%

2=

Flpb S0 M s & 2 0 PR seql g4 B F1F (NGF) 1™ A v 4 g mie > R

- %

TFBAELTHOPCL2 e Ak 2 FA,0 2374 hme S BB R Ra X wie st

PrePC L2 fmre Al fE - — R (M B AT (AT KR 0 2 R (5 e B ARA T )

)

EF RGP e E DR e AR B0 1 A - X (LA L mre 4
FARE G RFERRA LA A TR ReRDOE > E wie Pl > H Y

R B enimz g (cell body) ~ dm oz 1%~ dh % (axon) ~ 4% (dendrites) ~ fF < & (nodes
of ranvier)#F #c™ # B e BB AP BT Z (B2 ) e s MERFIFTHRIFET R > B E
Rt ek f ok FHFH gk ERA L (W) PCL2 mr i E 3y =

0.3151x+0.2228 & F # £ » 12t A LB AR T 5 2. 159 B et ) o

25



Bl= ~ TR g dmoe By PCL2 Kk & 1R A 1 4 2 dmie B R 1 o

PC12 ..wérg%%?fai,é)iiiﬁij-;flwc#é EAETFSF 0 AL Mmre g oA AR Gmrr o AT S X pE

M E RN S AN IERET B st X o

7 7

PC12 cell growth curve for differential

3
L a5
o
= 2
215
£ y=0.3151x + 0.2228
2 1 R =0.9772
= 05
[8)
0

D1 D2 D3 D4 D5 D6 D7

Blz ~ 1 e &t imre 5 PCL2 & 1 = 2 P e 3 4 ik fi -

Mg s iAo FIERARY 77 MRRL G T A S AL L EARY ERA K -

26



3.3.2 {3 K& PCL2 fmve A 1b ¥ fmve pAY 0 i
B PCl2 # Gimre p > A4 4 Swmie v A4 G RII 13 AA SHEF > 4w
phenylalanine ~ tyrosine ~ tyramine ~ dopamine ~ 3-methoxytyramine ~ epinephrine ~ tryptophan ~
serotonin ~ melatonin ~ glutamate - acetylcholine ~ adenosine ~ histamine » % % 4 it p= fF e
HE A GEBEFRBFE S AR AN EEEPF & 5 FPEOES R (B
7)) FiEfFA 438t 0 & Dopaminergic metabolites 5 ¢ AR 5 # g & KRt
754~ & phenylalanine ~ tyrosine - tyramine % ¥ 4 it * #_+ = - phenylalanine m* p 7 &
Rr ¥ + = 1.8 > tyrosine £2 tyramine B 7 & fic b HARE > Fliwre A L EAR L F R
P 3 ABE ¢ A F dopamine 7 £ A it idEARY RIRAEEF T F 15% 0 Flre ph § T i
Poi AL % Bra 3-methoxytyramine » % % # 4 & P-i¢ % it &0 epinephrine 24 it 4~ £ 5 J
IS o MEA T PFER SR T > ¥y A & 3-methoxytyramine f A b AR e ok
B ¥R g ah 4 I o Serotoninergic metabolites s ® ¥ jp| {8 tryptophan ~ serotonin -
melatonin » #4 5t 1+ 2 3% =4 & kR tryptophan s iEFER e p ER £ P AEARE
@ serotonin Jk & A 1Y % - X B4R F T '8 64% 0 melatonin fmre p ok R B L
BGRFEAH R ARNEFTE 84% 0 FlA S TR E G AN A PRK PR
aromatic amino acid decarboxylase 7 # < R % - Glutamatergic metabolites ¢ glutamate
JE B & P E4B% o Cholinergic metabolites #. /% 7 acetylcholine Jk & % i £7 & - i& 47 & 4%
g it o Co-transmitters %] 5 HAgFH A G RES - Acp e, 9 2 ATP L 4
Ap Bf 7 adenosine Jk & Rt L REAR G s P ERK T A it 59 B WP e s
L i A2 ATP 3 K& et 2 &7 adenosine iy Fr]4 59 B fmiz 48 dnve i 78 > T s 1 IR
ARG end 2 [77] > histamine 4 M iEARER &£ S SRR (BI ) FlEEEH LB ES

Blnre AR A TS AR A T e M F R & e p A R (- )
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2
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Cholinergic metabolites
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HEwe AW GOREFFPE > NPFREEREF TS A5 - 225 - A gRFaEl
phenylalanine ~ adenosine 5 & % * = 484" > @ dopamine ~ melatonin 7 % ¥ ™ "2 484" > *t>1.96 ; **
>258 ; ***t>320 Gghi At H - X Ao BTG FDn it e RBET Y B
FF BN ETEARS  d F BN A D ABS o

3.3.3 3 R #F_PCL2 fwve & (v A2 B %Al 5 B S kB %1
AR e R R R R B MR R T FF NS RAREY T Tl kR

Higmie Bl SOED > FARTY THRPLN T B AR WAL~ RFH

Afch e U 2ml KR s AT > REREH Gee st A2 FH SBH

¥k & % 1 - Dopaminergic metabolites §& /= @ > 113 ¥ &

b4
i

= 2 e b 254 phenylalanine »
tyrosine ~tyramine > 23 9 B RBZ R T I B I EF R A 0 A A X et H e B
1k fa 47 B A% 5 phenylalanine ~ tyramine Jk & % 1 & ¥ T % > tyrosine Jk A B EgE T E
28% > @ ¢ 4§ L-dopa £ dopamine fim®2 35 % % ¢ & i B| > norepinephrine % ¢
BARY 27 BRE 0 F 4o o s Fllore ik~ kR € 1 HE X 50% 0 @ s Tt iEAR

R
DR IR WP e ¢ S norepinephrine T34 ¥y b IRk & 0 epinephrine AR 43

Bk
e
N

T
=

fde » fmie 2 f A TC BERF L fz epinephrine Dk R W - R e € A EY
epinephrine A 'm®z ¢t JE B > &% N #FA F 3-methoxytyramine £_% i dopaminergic it #f
gl 1 g Ep 7) endd 518 H 4 > 3-methoxytyramine Jk & SEF A Slmre A 1 iR R &
2 316% > 3-MT 7 8 % & sieenZb B A 3 - & 4 - A7 o 53 & 8[78]F £
F A4 g A it 4p R & - Serotoninergic metabolites 2 /=42 5 4R % AL 4 tryptophan AR 4
RAER? $3 B3R Ao we A Few T T T 64%48% 0 @ ¢ %
serotonin £ T % melatonin i B 4 i A2k B R 1 48 A48 L o Glutamatergic
metabolites ¥ glutamate fAz4:38 %% ¥ 5 - kR 0 "EFA KA L E o glutamate o
e eh kR o]ty R &2 o Cholinergic metabolites # i% ¢ acetylcholine & #¢ 5 ‘m*e #8% »

ug 4 v 42 & 3% 2 acetylcholine fm®e #F k& » = 3 o Co-transmitters ¥% 4 adenosine . ‘m

b kR B i M ARE 0 F oA Bipazby [E 20 @ histamine diwie hE R - RIET o F
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Tyrosine Phenylalanine
Dopamlnerglc metabolites

2 1.4
* %k *k

1.2

15 1
0.8

0.6

05 0.4
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0 0

fold
-
fold

Tyrosme
Norepinephrine Tyramine
) 2
15
3 1
05
0
M DI D2 D3 D4 D5 D6 D7
Epinephrine
14
12 6
1 5
< 08 4
£ 06 23
04 . .
02 Epinephrine 2
’ 1
0
M DI D2 D3 D4 D5 D6 D7 0
M DI D2 D3 D4 D5 D6 D7
Tryptophan rotoninergic metabolites Glutamatergic metabolites
2
Tryptophan glutamate
) 2 J
*
©
e ! l 15
0 05
M DI D2 D3 D4 D5 D6 D7 '
0
M DI D2 D3 D4 D5 D6 D7
Serotonin - : :
Serotonin Cholinergic metabolites
12 l Acetylcholine
! 14 *
08 12
306 1
0.4 - 08
02 € 06
0 0.4
M DI D2 D3 D4 D5 D6 D7 02
l 0
Melatonin - M D1 D2 D3 D4 D5 D6 D7
Co-transmitter
Melatonin Adenosine Histamine
12 14
1 12
.
506 “!é L 06
04 0.4
02 02
0 0
DI D2 D3 D4 D5 D6 D7 M DI D2 D3 D4 D5 D6 D7

W - PCL2 4 ffimoe & B A2 i SR P kR R -
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ME e B AREAGCRESFFTL > NFHFRMYCQESF T 2045 AL E - 21 5 - 2 e B~ A
i# % > 3-methoxytyramine ~ glutamate - acetylcholine 3 % ¥ + = 4% > @ phenylalanine ~ tyramine F % ¥
TOEARE o *£>1.06; **t>258; ***t>329c Hgha U AL HE - X A AR PRSI G o FHMMETY
AR DNLATL Ao NHEEIIEY B F RN A TR 2 F BN A LA .

3.4 31

AHEBEL TR AV G A we? Bl A GBESA A PBRFET R L L SR
PEF Y -ERFN AN GREF LA g AL ATE L P RA G iR T
A @i A0 CBREAD B ARTE > SEEHP SO EF e 5 R
o PREEN G s BN SR EF AR AR F e 5T RN S e
AT AR > P BT LR Y PR TORA RS IR RS e p > L FEBK AP

3-methoxytyramine tim?e *b cnsaff » B F 5 ¥ diea BLIT B B o dw e KA 2 1Lk R T

A & tmve PR R Jk B 90 3-methoxytyramine > AR 5 49 5 it gtz — (Bl-) e = i
F v PS5 T e A A (N EME G £ B33 & s Aromatic amino acid decarboxylase -

EEEER - BRSF B F UG A HHaE R 0 LR At A R P T &
BREF RS P RET ART AR AR A AR R Frlenity (B) o @
& lmrz & i i A% adenosine s fr B 3 oA £ 3 c0E & 0 adenosine i & = mfe i £ ATP
SRR B T T wie NSh TR 3y > adenosine B A T AR R ehdk o A IS ke e
## % 7 £ ¢ adenosine > iz ¢ adenosine Jk & 15 2 (Bl - ) > 48P A Klmre o L iE AR
FR* <~ g ATP> Wiz p¥t =~ 2485 h4] 5 % # adenosine *t in%z p i- & adenosine

kinase(AK) & = ATP -
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media cell
diff 1 S¢Sl Dopaminergic metabolites
diff 2 L diff 2

diff 3 — - diff 3 o

diff 4 ——diff4

diff 5 - diff5 ©/\HJ\3H
diff 6 - diff6 iz

diff 7 —diff 7 Phenylalanine

o}
/@/Y%H
HO’ e
T rosine
v \ media  cell

W NHg
L- DOPA Tyramlne

i /

\ oH
[ HO.
\
; ;ﬁfv ijﬁm
[
|

HO'

Dopamine \ Octopamine
|
| I
| I |
I
I
! "
| I
I

Noreplnephrlne
\1, 3-Methoxytyramine

OH H
HODJ\,N\
HO

Epinephrine

Serotoninergic metabolites Glutamatergic metabolites Cholinergic metabolites

media  cell media  cell media cell

diff 1 —+ gn;ff % o) 0
diff 2 —ar

A Tains Ho)‘\/\H%H
it s W

i - diff5 NH,
;i:ffff: | diffe Tryptophan Glutamate
diff 7 ST g ‘l,

w Acetylcholine
]
J ' \/\)k
Hiv NH, N
He OH

5-Hydroxytryptophan others
\l, y-Aminobutyric acid

R
HOJK/VO

Succinic semialdehyde

HO \l' Adenosine

H_o

o]
%N T o N
. OH
N- Acetylserotonln
o]
\l Succinic acid

\ 7 H R
oH Histamine
N~ I
H Hi [s]

Melatonin 5-Hydroxyindoleacetic acid Ratio of change

T
]
= /é.

Serotonin

1/25 7 fold
W= ~PCL2# Gimwe i kAt Fla it = 24 g E e jr 2 g f{ -

s L AR LR R VAL R S T PR Y
L GE TSI %Hiéﬁﬁi’?ﬂﬁﬂﬁﬁﬂ%%ﬁﬁﬁﬁﬁﬁ%ﬁwﬁ%“@oﬁ%ﬁ
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HEBEFFLFAT - e g ARG AH > Aol QBRI Ep s k- i o
FRALERY e p AL BEF I EPILR -
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Fr¥ AEREN LWl

4.1 #v =

—Qu\

411 F SRR G 2 b0 & B e A

4. % fir (Rotenone) %] # Tubatoxin ~ Paraderil » it 5 ;% C3H20s » IUPAC ¢ %
(2R,6aS,12aS)-1,2,6,6a,12,12a-hexahydro-2-isopropenyl-8,9-dimethoxychromeno[3,4-
b]furo(2,3-h)chromen-6-one » i & # 3t B 2 3 4 &> > A8 7 i Fsdfod VR4 A3
At g & S i R FI[79,80] 0 MOR R Gha K RED B BT E Y MR E
FROEAIT R TS F R IEF MRS DB HE Tl fodr Rl £ P
| g 3R A ER TS T R A SRR A4 AR M e 5 2 F[81]
O A TR WA AR EFT 0 AFEREF B TR S BARL BB
B % 3% b HORE O Mo N o GORER A& Prd s ) oY 3+ @ ifda complex T H 3R
NADH % & fi# & ;% # NADH #& i* =¢ FMN (flavin mononucleotide) ¥ & + » F]pt % ok T 35
T Bfsar B FRENWATP L 242 > A28 % F15 »FT(ROS) £ 515+
B § it e giPyg (cardiolipin) f 2c sn®e ¢ % ¢ (cytochromec, cyt ¢) » fm¥e ¢ % ¢ &2 Apaf-1
(apoptotic protease-activating factor 1) + WD40 & & i i+ caspase-9 25 = apoptosome - & ¥
/& 14 caspase-3 ~ caspase-6 - caspase-7 i fm% /&= [5] o 4 Bk~ &t il iE w5 ® NF-xB
(nuclear factor kappa-light-chain-enhancer of activated B cells) % it /& 4 35 5 DNA #& & 3~
v AF & LR a-R % 39 (alpha-synuclein) szt ff fris i i @ i AR o 4 KPR i S
g Feasiies ERPPwEN -2 30 > A30Pa-RfF 4% v &2 AS3Ta-R ¥ 4%
e iR A E > ERAEE S a-RFI 9 d R4 H 8 (monomer) & K B & &8
(oligomer) 3] f& 27 & & sk s (fibril) 3] - £ 3 dp > B A3k ¢ oo it 2 <l (lewy
body) » i 4 5% km i e = [82] o a-R P B0 chE M{r MR LT RN mE H >

BB VSRR S e [ - R PR R s ]2 2002
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£ d Lansbury B 528 o o- R fE+2 3-v R AT 1A X A5 & R A oo %k o 34
Fov FUR AT T e i Fd & 0 R e kg Fiolmiz - [83,84] 0 o4

SR T B 7 Po¥% 2 BT AH(substantia nigra)4 g R F lewy body g 0 A oa- R PR R

W

= A IR € *% 1< Tyrosine hydroxylase(TH) srmpk it vt &) » TH & 5 ¥ =2 6 £ 2 ¢ o
LEFF > AR - R AP 0 P BRERT S 7 R s LR 0 [85] o 4. € R

#% tryptophan = % 5-hydroxytryptophan =i% * ¥ 2% tryptophan-5-hydroxylase /% 4++ = -

Fotpe 2
4.2.1 % 5[+ 4L
Rotenone was purchased from (Merck Millipore, Guyancourt, France)
4.2.2 % %pr AN Gwre o it 4 £ e gk iT

Higmre AR > R AT M Famre s Rk o fR Bt B S R 2 IVHAE 0 98%
RPMI ~ 1% HS(f £ & 56 °C kit P 4e £ 30min) ~ 1% FBS ~ 1%PS R £323 - # itiw
% > T ML R R i 37 CCIE K ¢ A 20 A b B B e A Y 70%:¢nim
AT EAERAETS L fi‘“ Ao der 2ml M G R REAGE A L Bere b
T T mg Vom0 Bcm e 1B 6.3x10° B Amre B Y 10 cm i & A 0 F o iR
At HAE 2 S ml 2 e 100 nM NGF > 20 1 5 e 7 +e 100 nM & 3 b > 2] i e 22
T E e %W DMSO » 35 24 ] o5 { 3 2 ml . 535 & & 4% 100 nM NGF ik & >
AL EDE - X s Fe X % X 0 @R e AR RS B R R
RITL A SRR, I .

51

4.3 5%

4.3.1 /& i A= Hp 3 b P PCL2 wre A0 5 18 40 J2 50
PC12 #! 5 imme i it dm P2 0k B A PR T1cts - ol Slmve & L iEARY A 5 (@

PR o e A RBRF R AL M FEE %z 4~ 100 Mg R A 5
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2

oo B it dpirdlemr s PRS2 LBEER (BN ~ BlL) o - X B4R

BB AR pleip Al Brd BRI e ey AR - R B

bl RS CRERPAER T A ES e d EREREF P B b i
TmAEBEE R ANE N IXAERP SO >R 2 LA H 3 e

(Blt)e e FRt A SR FFHLT oA Sl p P A G BER > &4 Slwve p
IR dopaminergic i PHAdEL [ZAT e FrEE R f ot imieqprt 5 PR R > P F R iRy

% % P eripe I phenylalanine~tyrosine~tyramine = a4 B 4p f 3t 44 w5 P A F 2 AR
AH B A S e X R ARG PR A WP idS 4] 2 phenylalanine # 4. 100% > tyrosine

3 4e 145% > tyramine 3 e 33% > @ % - o ¥ @ ¢ B4 dopamine AX i 3

‘gﬁa

P9 E AR £ AN X D PR RO 0 30% 0 B = X PR i

7 lA%leipidrdlies £ i & SR e S tyrosine & % L-dopa £hfit &
Tyrosine hydroxylase 7= |4 » %% » TR A A AR 0 R T ki (A
ch 7 A% 2205 14[86] © @ epinephrine chz B % - X K ¥ L 361 $4 b EHF

B 24 )P BRGNS THAEMREF T SOREF R KEAS 3-

methoxytyramine < & %fr 823 7 £ % i &2 dopamine 4p > e it e X 2 £ 7 5§
M oA v &% = X e b 2o Serotoninergic RS A ¢ tryptophan ~ serotonin ~ melatonin

B AR A KRS TR g 3F B 4 w5 tryptophan 2.3 & - serotonin

2.9 i > melatonin2.7 & » £ H 4k B

&

% - 2 72 &R Ffpoom At B

Ty S X R e 3§ R A_F 4] e - Glutamatergic metabolites ¥ glutamate 2

i
i
M
Wa
g
_g_
!
=
g
=
=
z:

£ #4g & ¥ - Cholinergic metabolites # i< ¢
acetylcholine 3 £ %™ A ZF BT > &2t % - X > irdlew &2 % > ¥ acetylcholine

W EE HA A SRR TR [87] At e 22 B ETRAEE Y E - Co-

transmitters #% 4 e adenosine 7z £ X & &k Fr4l T @ 1E4d complex [F2 38 ATP 4 = » 7]
B adenosine 7 B % 1t Apd it ¥ nve b 2 M o histamine L £ AA L E - X Fd e
Zf oty X2 sTE L ¥ E(RS) -
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Bl N~ PCL2 #¢ 5 hmoe A it 4= ) £ b 3K R B2 oo & 14 A JE o

PC12 diff 5 days ¥7 PC12 diff 7 days 5 # Sime & L £ 7 X 2% = X %% 3| & » PC12 100nM rotenone diff
4 days ¥2 PC12 100nM rotenone diff 7 days 3 # §im%e & (v 4= % 100nM & K F Ris 5w 2 25 = 2 o

e A R o

PC12 cell growth curve during differentiation

3
o 25
o
= 2
é 15
35 1 T
c L —
Tlg 0.5
0

ctrl D1 D2 D3 D4 D5 D6 D7

e differentiation === rotenone

FRLDFPCRE G At 3 B S bRIA LV PLAERPBhme s t2 EEF 4l

o s At Rk
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Dopaminergic metabolites phenylalanine

tyrosine

D7

N 1n H 1n o
— =)

9 d2UepuUNqe JAIIR[D.
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3
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9 d2UBpUNGE dAR|DI
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<
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D1

Glutamatergic metabolites

™ o~ - o
9% d2UBpUNE dAE|DI

Serotoninergic metabolites

N = o
- IS 5}

9% dUBPUNGE SAIR[I

glutamate
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* o
wn — [} o
— o
9% dduepuNqe aAe[a.
—
*
*

<

m ~ = o
9 ddUEpUNE JAIIR[D.

Cholinergic metabolites
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D7

D4

D1

wn < om ~ - o
9% d2UEpuUNqe JAIle[a.

Co-transmitter

.

O n < M N - O
9 ddUBpUNGE JAIR[DI

l ‘ adenosine histamine
L‘j

melatonin

D7

D4

6
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1
0

9 d2UBpUNQE dAIE[R.

4

m N « o

D1
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9 dduUBpUNQE dAIIR[DI
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AR B R R e 100NM g B T T AT B - X s B R L B S X Bt o A G e
EAEGELF TG T HRA S G ER A TT SR BIR R A ERBA T F A meirle
FoERMeFRe s SHIE Y B9 J AL THARE > d F BN A 2 4EF - *p<0.05; **p
<0.01 ; *** p <0.001 -
4.3.2 & 1“4~ ) B ff b 4 PCL2 fmre §8 4cdd 5 18 40 22 58
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5.1.1 & /44

Nerve growth factor (NGF) was purchased from Sigma-Aldrich (St. Louis, USA). Opti-MEM
media , fetal Bovine Serum (FBS) were purchased from Gibco (Grand Island, NY, USA).
Rotenone was purchased from (Merck Millipore, Guyancourt, France)
5.1.2 4 3 82 54 G lhmre 191 fmie 1T
PN AB R o LRSS R RE A K Fe £
fe B vt b & b > IREE AR £ 99% Opti-MEM ~ 0.5% FBS ~ 1% PSR £323 o fF ivimiz & it
WML AR R 3TCCHIR K P T A 20 A4 R G dme R Y T0%him e 15 &
EAREITS 2 Gk Ao der 2ml M G ARG A P Ree T 0 ¥
WEes F ¢ Mmre it 4 B e (5P 6.3x10° Biwrr B 10 em s & & 0 3% M A
AL 5ml 2 4 » 50nMNGF > & 48hr { #% [ 5 ¥ &% T 4 BONMNGF » & fmre &
%2 % e 0.1 uL DMSO » F % i 4e 10 nM £ 20 nM e ik - £ Jis 48
DTS e BRR AR RIS B kPR AR S e kT L B A SRS

5.2 4%

521;"/%@»‘%”5?@%{]’3 4= én;Q;L&mn’g Al A 82 4 K ;/_zgg
PC12 # & wmPz i * Opti-MEM ¥ b7k & { ﬁ,}gal,i/,,\ s B o A% > A T e A
LE NI A4 TR A A S RRPREY RS S R R0 F S (B

L) F AR ARG A A Y o A T R e AR AR 0 ik
B 10NM & Bk F s 48 ) B gL A SR EAFT G T e A doved LR

AR A ERERKE DS B 20NM F B 48 | S > e X ﬁ'ﬁ"-’? 10 nM

43



E o AERERED - RII00NM F 48 PR > e BB T E RFF AL E e
PraZzgsde Lo Rwe B pb¥FL e BF > F 2B AEMRER F MEA LM S

’?é‘jg]p:%fg& Rib R A e ke & o

100 nM rotenone

10 nM rotenone 20 nM rotenone

Btz ~Ait22hPCL2A S X2 R ER AEM PRI [ Fidme R -
Ctrl 2 PC12 # 5 sm¥ 4 i ~ % 4] & » 100 nM rotenone ~ 10 nM rotenone ~ 20 nM rotenone % % jk A & *Efk
e A R X e £ F A8 L PSRBT G A ER R S Y s M RIIP A
ETHE O RHARAR LR RAR AR Rk G BE

ﬁuc L 2 )J A z«c 2 B é'?TS
5224 iR iEfpwmep A K GHHPH

PRAHBIMAEEDRHRR A A R R F A AR A A e X 100nM

0l

%gﬁzﬁ }'%48 /J\E]?,:i:]'f‘:m?éjé 4w f_g; %’*” /fg_fs y ¥ — :g—ﬁ% ‘E‘ ]é W 100nM é, nﬁlﬁﬁ:ﬂrégﬂ’\&\

~

E AR - fRF A8 B e g R R A DMSO Frde 0 R A TR S et
WAOFHEFESE FAE AL L wre X 100 NM 4 KB BN S BELFLT X

H

H ¢ serotonin 7 B F = % 184% 0 @ A L & 2 %#;‘f]:%c 100 nM 4 %k F s % 0 @AY

44



SRMESGHRE  RRIEAGLBELRFR - To ! KB EF IRFE P RAAT £
IR 7 AP A SR ES (R 2) e

100 nM & %k & F St F BB R > &2 g AN S EGEHY SR ERRE T E
# 10 nM & 20 nM Mk B end SR (T 5 R SR iE R ere A R b 7»';]‘ MOk R B
BREREFN SmehR il > a e p A S BEF LR R E B LR A ER PSR
-tk BT A K BEF A e )4 > & £ dopaminergic ~ serotoninergic i
FL s 22 adenosine & F ik B & AR B R 0R 0k e R o 3 u] en g glutamatergic i i

& 10 nM & 20 nM & % fr 1™ > glutamate 7 & 5 Er: E e b GABA r R 0 =

1 10nM kR A CERR R % ek 48 % 90% o cholinergic & P4 & dmre p 20nM k& 4 %
fit 1 B = 2 & 5 I acetylcholine Jk & » iz & 10nM 2k & & %k 1 % 7 10 B0ty

+12 3%z 2 (B =)e

45



fold

fold

fold

fold

Tyrosine

nondiff 10 nM 20 nM 100 nM

Dopamine

Dopaminergic metabolites

. 4

R

nondiff 10 nM 20 nM 100 nM
Epinephrine
nondiff 10 nM 20 nM 100 nM
Tryptophan

nondiff

10 nM 20 nM 100 nM

Serotonin

nondiff 10 nM 20 nM 100 nM

5-hydroxyindoleacetic acid

nondiff

10 nM 20 nM 100 nM

Serotoninergic metabolites

fold

fold

fold

fold

0

Phenylalanine

nondiff 10 nM 20 nM 100 nM

Tyramine

nondiff

10 nM 20 nM 100 nM

3-methoxytyramine

h

10 nM 20 nM

nondiff 100 nM

Glutamatergic metabolites

Glutamate

i-‘h

nondiff
l -0.5
2
l 15
e}
° 1

nondiff

46

10 nM 20 nM

GABA

10 nM 20 nM

100 nM

l.I...l

100 nM



Cholinergic metabolites Co-transmitter

Acetylcholine Adenosine
3.5 s
3
2.5 6
2 } I
2 15 54
- 1
05 control 2 .
0 = = @B Rotenone 0
05 nondiff 10 AM 200100 1M nondiff 10 nM 20 nM 100 nM

BlLt= ~PCL2# Slmie o it %> X Bffﬂ]‘ 40 10nM ~20nM ~ 100 nNM 4 37k & Ji 48 /| B> fmie poA S B E
E M

AT e A A LS Téc MERSE BIRRE A ER A L E A gB e o A S e S B 5
Boid o M HGA S GER AT SR BApH Y AR AT F 0% i e v % § DMSO ehgz i) e fmie »
;Lﬁx*z\,,l de L OER bR F % we > nondiff 2 & A4 I mre X 100 NM & KRR BN 48 P 0 Hep S
AR %iflth 10 nM ~ 20 nM ~ 100 NM & 37k & & 48 /| PF o RBfRLIE 2 429 % d F BN & T R ARR

Zd dH A LARS o
5.2.3 40 41T (b i AR e FRAH 0 B B
AERR hIT® 0 A e N A S B S BHET B T e v e eh

AEGEF { IR QoL pF wiedom B COREF AR - 7% LB

WAL A Smrr s b A A g w100 nM & AR (T 48 ) PR S B

%

B i LR ke kR R S m e /,T e DMSO » & & i W2 £ 100 nM 4. %
Ar B A SR EL B e h FERAR 0 2 F 5-HIAA & 4 K B
Hrmedhf{ice 2t X LA e 100 nM & 3k & Jis 48 ) P > A SR E SRR P
&> dopaminergic  #fEL T e+ 25 F & 4 phenylalanine ~ tyrosine § 2 e lmie ¢t 7 £
phenylalanine 341 % 40% - tyrosine Mt % 42% » @ tyramine § 2% 2% >t 404
i 66% - ¢ P dopamine imre g £ 100 nM & AR B0 % 342 100% 0 @ T

P A 1 3-methoxytyramine § % ‘2 ke ff3c £ T ¥ 46% - Serotoninergic i /5 ¥ 4 it km¥e

% 100nM & % iT* > tryptophan &2 5-HIAA ‘w?e *t 3 & ¢ = "# 50% - Glutamatergic i

47



=@ 100 nM & % fr 5 % = glutamate m¥2 ¢t Jk & T "% 56% o Cholinergic i ## 100 nM
& %R (€% 7 acetylcholine % ¢t )k & = B 116% - Adenosine 7 & 7 § wlmfe p & mbe
‘R R CE £ 100NnM A AR B (B L) e

7] 100 NM . 3R B2 A 144 Shmre BRI 7] 0 0 L MUR B en g SR (T A 1

-

e G EA S il BAEA SRS RS F % e’ 10nM 2 20nM A
BAER T R 4l e i F e ¥ E DMSO B A ¥ A S A E A A PR ER
TR R A8 L pE S R T RERE A S @RS o & dopaminergic fAELZY o F %

¢ 255 8 phenylalanine 7  fiwfe )RR F % o tyrosine limir b ER A R 0 A ¢ PF
i J L-dopa £ dopamine % Mk & & i R FH s 7 £ 2wt Ldopa #5943
6 % > dopamine F 2 ¥ 14 & > gL S and ¥ A F 3-methoxytyramine 4 it iE 4% 40 T
Tl g B8R fine # 33% 5 X IRAR RERRFL T RApRRELI L F @
Mk & & EAR $1>T Serotoninergic i /S PP Ag £ R o tryptophan 7 2 Eirdlledp g o
Glutamatergic  ##2/= @ > glutamate % Mk & & %k B Bz b 2 £ 7 % 25% > 10nM
A OE R S 2tz 't GABA 7 £ iy 214 15%20nM 4 F ik F 5 e w vz ot GABA

¢ £~ I X 47% - Cholinergic B /= % <k & 4 % #2 5 - acetylcholine & fwe *F jk & =

B0 * 11 200M & R ket 2 iR B F 62% o Adenosine ime h kR £ MR R 4

A 324882 < 2 10nM & % fr F 2 e dw e ¢ adenoisne k& & &l Apd 0 20nM 4 AR

N

F 2 =% B2 %0 adenosine & T *% 18% (Bl Lz ) -

48



fold

fold

fold

Dopaminergic metabolites
Tyrosine Phenylalanine

25
2 Tyrosine
15

1 ———— -

0.5 nondiff 10 nM 20 nM 100 nM

L-Dopa
12
10
8
6
4
2
0
nondiff 10 nM 20 nM 100 nM
Dopamine
20
15
10
5
0
nondiff 10 nM 20 nM 100 nM nondiff

10 nM 20 nM

49

fold

fold

fold

Phenylalanine

nondiff 10 nM 20 nM 100 nM

Tyramine

100

80

60

40

20

-20

nondiff 10 nM 20 nM 100 nM

3-methoxytyramine

nondiff 10 nM 20 nM 100 nM



Serotoninergic metabolites Glutamatergic metabolites
Tryptophan Glutamate
. Tryptophan 4
3

fold
N

nondiff 10 nM 20 nM 100 nM nondiff  10nM 20nM 100 nM

4
4

5-hydroxyindoleacetic acid

2

o
l 2
- nondiff  10nM20nM 100 nM

Cholinergic metabolites Co-transmitter

Adenosine

fold
-

nondiff 10 nM 20 nM 100 nM

Acetylcholine

fold

[0 control
nondiff  10nM20nM 100 nM - ROtenone

nondiff 10 nM 20 nM 100 nM

BlLtw ~PCL2 A Flmbe i i- 5 X p—*r,T 40 10nM ~20nM ~ 100 NM 4. %k & Jis 48 | BF > fmve a5 g
Ergi-me

AUt R MR RS B RR A ER e A RN R B g A AW e AR
AR FB S RIS ®ES AT SR B Y RS & ke i 4 £ DMSO e
Al mie g R RS A ek BB A CER R Sk e s & % o nondiff X 4 X A 1 e s 100nM &
FE R A8 ) P A B4RL AT H A 4 10 1M - 20 nM ~ 100 nM & R F s 48 ) P A R

RS 2R B § AR A T EARE i F A D ABR



5.3 3

FriAl w3 i AR Y A S B R 0 G 2T R A R pAeta & S
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