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Enhancement of Dopamine Biosynthesis by Sesamin in PC12 Cells
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Abstracts — The effects of sesamin on dopamine biosynthesis in PC12 cells were investigated. Sesamin at concentration ranges
of 20-75 uM significantly increased intracellular dopamine levels and tyrosine hydroxylase (TH) activities at 24 h: 50 uM ses-
amin increased dopamine levels to 132% and TH activities to 128% of control levels. Sesamin (50 M) induced the phos-
phorylation of TH, cyclic AMP-dependent protein kinase (PKA) and cyclic AMP-response element binding protein (CREB)
for 0.5-24 h. Sesamin (50 uM) also increased the mRNA levels of TH and CREB for 3-24 h. In addition, sesamin (50 uM)
associated with L-DOPA (50 and 100 uM) further increased the intracellular levels of dopamine for 24 h compared to L-DOPA
alone. These results suggest that sesamin enhances dopamine biosynthesis and L-DOPA-induced increase in dopamine levels
by inducing TH activity and TH gene expression, which is mediated by PKA-CREB systems in PC12 cells. Therefore, sesamin
could serve as an adjuvant phytonutrient for neurodegenerative diseases.
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DC(Sesame seeds)?] TS 2 o] 9lom, Fa Af
gL FHzHE 2 AE A, F 28, 1A
HE2g Fo] Bawy Yok’ A2 sesamine AFAIE
W9 reactive oxygen species(ROS)e] #82-g- Y 217383
o] f =28 rotenone-f-= dopamine 21734 EALS] Hio
-89 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine(MPTP)---
= Akl ~E |2~ (oxidative stress)l] TIgF dopamine 217 A
¥ 2528 Fo] Hu= itk o] AHEL sesamin
o] ROS®l t-3-3t>d dopamine 21734 3£2] Hlojzl-g-o] 2l
=5 YER L vk 22y dopamine A E 34-
dihydroxyphenylalanine(L-DOPA)-f-% dopamine A3 <
712Rgol| gk A7 sk 71 BArE QA] e4ar Qlt.

71 EH 2 ¥ Z A -5 A (striatum-substantia nigra) <]
dopamine A7 717} B8 =] dopamine®] 2@ = Y5}
w, 2173 A4 €] dopamine A -2 F4Fsl a4 tyrosine
hydroxylase(EC 1.14.16.2; TH, L-tyrosine®|~] L-DOPA 4}
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St Zul) 2 2ebAh g 4 aromatic L-amino acid decarbo-
xylase(EC 4.1.1.28; AADC, L-DOPA°A] dopamine A 3
Zof 7} gojalal Aok miziene] kR eye L-DOPA
AA7F 717 wol AE = glon, 47121 L-DOPA &
B 91 S 885 At RaEdly,” F71E
L-DOPA % dopamine]] o|&to] A7 3] thgt =A4)o] 5
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o] oFEAFS A-g o] ¢]3 L-DOPA-FE AEEA o] Z7)a)
T P8-S Bala gtk ol L-DOPA o= 8WE2l 3}
71& e MESAES dsA A58 e S SINA F
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Dopamine A3/3> TH 2 AADC &40 oJstd =4
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o, TH @40 &<5H (rate-limiting)2  2+-&-31th. THe| &
237 2] FRF AAREgel 28 TH mRNA e cyclic
AMPO] ]38k cyclic AMP-2]S4] protein kinase(PKA),
cyclic AMP-response element(CRE) 77} wfzjah] 1 o]
oA CRE binding protein(CREB) 53+ &4} 58
3k 98¢ ). CREBE PKA 2 Ca’'/calmodulin-2] &4
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PC12 Al 32+ dopamineE A4, A%, 28k TH,
AADC 5] A3 548 Ffatal Aok PC12 Azl
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HEME - Sesamin = HAFH A (M2, ol WAL
o 2HE 7|5kol AL8-8FS T Al ZH] -8 donor horse
serum(HS), fetal bovine serum(FBS), penicillin/streptomycin
2 #iX](RPMI 1640)= Gibco(Grand Island, NY, ©]=F)ollA],
L-DOPA, dopamine, isoproterenol, albumin % 3-(4,5-
dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide
(MTT)= Sigma-Aldrich(St Louis, MO, "]=)ellx] +4315
S, TH, phospho-TH(Ser 40), phospho-PKA, CREB,
phospho-CREB(Ser 133) & B-actin 5ol the+ A& Cell
Signaling Technology(Beverly, MA, F]=HZ5FE +Y3%
o} 72 9e] A|oke 57 2 HPLCE 552 ARS-3ilth
MIZEHQF — PC12 AIEES] HRe el Fsiet.”® A
FujdLS 10% HS 2 5% FBS, 100 unit/ml penicillin}
100 pg/ml streptomycine E33F RPMI 1640 vl S A}
831, 3794 7571 23 5% CO, wig7IolA Alsdst
Itk PC12 M (cell density, ©F 1x10° cells/em’; confluency
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=g 7R T 24-48 A7 vl om, vk 5 Al
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TH, PKA ¥ CREB Q5 &8 — Phospho-TH(Ser 40),
phospho-PKA, phospho-CREB(Ser 133)2] =72 Western
blot EA190) oJste] Faasinh 'Y vl d A18(30 mey=
12-15% sodium dodecyl sulfate-polyacrylamide 21 ©]-&
slo] 7171955 A3} polyvinylidene difluoride 2HO2
ol AT A 1AF B A 2AF A (1:1,000)2 7Fste] vl
o} o9 vz e ECL 71289 (Amersham Pharmacia
Biotech Inc., Piscataway, NJ, U]=})S 7}5lo] EFEapgol wh
2} 12 7 vjeFste] B2 9H-S(blots)S I A]7]aL, WAL
A5 (radiographic film)S o83l Q1slsie] 7831t

TH mRNA % CREB mRNA &2 24 _ % RNAE
mirVana™ mRNA Isolation Kit(Ambion, Austin, TX, ©]=})
S AMgsle] PCI2 AIZ2RE F2ATHY A2} 71
cDNA(first-strand cDNA)= Oligo (dT),, 4 2Z2}F0] ™ (primer)
2 SuperScriptTMII reverse transcriptase(RT, Invitrogen Co.,
Grand Island, NY)2 A8+ mRNA SZARH| o]sed A3
Psiitt. o2 RT =G ul) B the ke =
gtolH & Ag3te]l PCR Mg T8 TH, 5-
CTTCAATGACGCCAAGGACA-3* % 5’-CAAGAGGAG
CCCATCAAAGG-3’; CREB, 5-CAGATTCGCACAGCA
CCCA-3 ¥ 5-CCAAATTAATCTGACTTGIGGC-3’; B-
actin, 5’-ATGGAATCCTGTGGCATCCA-3> % (R) 5-
CTTGCTGATCCACATCTGCTG-3. Z2}olul= TH(310 bp),
CREB(275 bp) 2 B-actin(273 bp)2] PCR A =S LFERY
ATHPCR Z7A; 94°Coll 4] 85 o]ojA] 94°Col|A] 35 %,
59°Coll A 32 %, 72°CollA] 25 %7F2] 28 cycles). PCR A
&S 2.5% agarose A2 o|g3lo] B, HF U=A4
H(optical density data)i= mRNA & o] A FEAH S o]
g-3lo] 2ot
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A e 284 albuming AHEste] ZAsan” 48
A= meanstSEMOE F A3t oW Fo)d A
Tukey's testoll 2]+ ANOVAR ol 9]ste] AAtsAT].
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Sesamin(5-50 pM)-> 24 A7+ A28t S A5 A X9
dopamine $FS FE oEZ 07 F7}15}% S H(sesamin
50 uMellA 132%2] dopamine $Hg%715 YERH), sesamin
(75-100 M)l A = thx Boes F7sigou, o
dopamine &7} FHFHH = 743 T B3, sesamin(5-
100 Mye] Hgl= A2 TH 40| 57181 2 H (sesamin
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Table 1. Effects of sesamin on intracellular dopamine levels and
tyrosine hydroxylase (TH) activities in PC12 cells

Dopamine levels TH activities
Concentrations  (nmol/mg protein) (nmol/min/mg protein)
(% of control) (% of control)

Control 3.26+0.21 (100) 3.58+0.21 (100)
Sesamin, 10 pM 3.39+0.18 (104) 3.62+0.18 (101)

20 uM 3.88+0.36 (119)*  4.01+0.24 (112)
50 uM 4304041 (132)**  4.58+0.38 (128)**
75 uM 3.68+0.34 (113) 4224031 (118)*
100 uM 3.55+0.28 (109) 3.76+0.26 (105)

PCI12 cells were treated with sesamin (10-100 uM) and then
incubated for 24 h. Dopamine levels and TH activities were
measured by an HPLC method. Dopamine levels and TH
activities of the control were 3.26+0.21 nmol/mg protein and
3.584+0.21 nmol/min/mg protein, respectively. Results represent
meanstS.EM. of four experiments. Significantly different from
control levels: *P<0.05; **P<0.01 (ANOVA followed by
Tukey's test).

50 pMoll A 128%°] S F7HE YER), S7F e
dopamine st} FARE &S UERY A TH(Table 1).
Sesamin(100 pM) A E2]91 9] dopamine ol Y=
FA| e, 150 uM FSI7H= MTT ez 46}
A AT A digh 542 A A FUTHALE HA|
AD). P sesamin TH €798} Q14ksHell ©ld dopamine
o] S7HRE-S JERNAL 210, 75 uM ©15-¢] dopamine
T A AAE-S sesamin®] A E574 283 Ado] S
Aoz AlsHY 2 A oAM= sesamin 50 pME ARE-3}
o], dopamine 57HH&-l ek 28714 AESI

THE= dopamine A3 oA &5 840, TH
o] &dsk(d4tsh) W TH mRNA &3F2 Al XU cyclic
AMP-PKA-CREB 729 9]sle] 2d=1, o] <Qlslo] A]
FW dopamine AFHdo] 2ES Wy oy P10 gejme
sesamin®] ZAA1ZQ1 2] (30 ¥-24 A|7H7F PKA, CREB %
THE] Xkl mX= FFS AESINTE Sesamin(50 uM)
o oJte] AU} PKA A= 3-24 Al7bol|A] fo]4 o
2 27181929 (Fig. 1), CREB S12HsH= 6-24 A7kl 5
7ValaL(Fig. 2), MEW THE] QlAksh= 3-24 Al7ollA
oFo 7 F7FeIth(Fig. 3). =3 sesamin(5-50 uM) 30-
60 FNA Al cyclic AMPS] S T2 (sesamin T
Aol Hlate] 125-250%2] g S7HRg0] S B
&t Qi) o] AFEL sesamin cyclic AMP Z719)
o3t PKA-CREB®] &/dst(Qlhkshel ¢fsted TH 2/d¢]
E5o], A2 dopamine A3 X2 Fs7hHe Y
el A1 AA et Aok(H7]7F 24 28 short-term
regulation).

TESH sesamin®l] ©]§F dopamine ¥ S7H= 24 A17H7F
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Fig. 1. Effects of sesamin on phosphorylation of PKA in
PC12 cells. PC12 cells were exposed to sesamin (50 pM) for
0.5-24 h and harvested for Western blot analysis using the
antibodies against phospho-PKA (p-PKA) and B-actin. Relative
density ratio was obtained by p-PKA/B-actin and the density
ratio of p-PKA/B-actin in control levels was expressed as 1
arbitrary unit. Results represent meanstS.EM. of four
experiments. Significantly different from control levels:
"P<0.05, "P<0.01 (ANOVA followed by Tukey’s test).
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Fig. 2. Effects of sesamin on phosphorylation of CREB (Ser
133) using the antibodies against phospho-CREB (p-CREB)
and B-actin in PC12 cells. Relative density ratio was obtained
by p-CREB/B-actin. For further comments, see Fig. 1.

A Z7}elal YO B Z | sesamine TH A4S A717F Ao
Z-go = Fojd 5= Ut} Sesamin(50 uM)e] 2ol 2|3}
o], CREB mRNA &2 6-24 A|7190M (Fig. 4), TH mRNA
TS 3-24 A7HOA FSTFEIA O, 24 A7l A frolF o
2 37Vl tHFig. 5). CRE ¥ CREBS] &/dsle) <]t TH
mRNA 2 CREB mRNA HAWHS-9] §%/Z71= TH 24
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Fig. 3. Effects of sesamin on phosphorylation of TH (Ser 40)
using the antibodies against phospho-TH (p-TH) and B-actin
in PC12 cells. Relative density ratio was obtained by p-TH/j-
actin. For further comments, see Fig. 1.
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Fig. 4. Effects of sesamin on expression of CREB mRNA in
PCI12 cells. PC12 cells were treated with sesamin (50 uM) for
3-24 h and then harvested for RT-PCR to the mRNA of
CREB. The B-actin gene was used for the normalization
purposes. Representative agarose gels of RT-PCR were shown
by the mRNA levels of CREB and [-actin. Relative density
ratio was obtained by CREB mRNA/B-actin and the ratio of
CREB mRNA/B-actin was expressed as 1 arbitrary unit. Results
represent meanstS.EM. of four experiments. Significantly
different from control levels: ¥*P<0.05 (ANOVA followed by
Tukey’s test).

2 29] §H4A W) Fe3 IS sl kP wlet
] o] A= 2J5PH sesamine PKA-CREB ZZE uj7l]
sl TH f34F HdS SXAA M2 TH 84S =
St A& AAISHL ATHE7]7F 28 2§ long-term

regulation).
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Fig. 5. Effects of sesamin on expression of TH genes. PC12
cells were reated with sesamin (50 uM) for 3-24 h and then
harvested for RT-PCR to TH mRNA. TH mRNA levels were
assayed by RT-PCR and the B-actin gene was used for the
normalization purposes. Relative density ratio was obtained by
TH mRNA/B-actin and the ratio of TH mRNA/B-actin in
control groups was expressed as 1 arbitrary unit. Upper:
Representative agarose gel of RT-PCR to show the mRNA
levels of TH and B-actin. Lower: The histogram represents the
intensity of the bands analyzed by densitometry. Results
represent meanstS.EM. of four experiments. Significantly
different from control levels; *P<0.05 (ANOVA followed by
Tukey’s test).
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dopamine S7FH-g- P1X|= FEFS AESIT A2
dopamine &3-2 sesamin(50 uM)Z} L-DOPA(50-100 pM)2
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Fig. 6. Effects of sesamin on L-DOPA-induced dopamine
levels in PC12 cells. PC12 cells were exposed to L-DOPA (50
and 100 uM) in the absence or presence of sesamin (50 uM)
for 24 h. The control levels of intracellular dopamine were
3.65+0.24 nmol/mg protein. Results are expressed as percentages
of the control levels and represent means + S.E.M. of four
experiments. **P<0.01, ***P<0.001 compared to control levels;
P<0.05 compared to corresponding L-DOPA concentrations
(ANOVA followed by Tukey’s test).

Sesamin- lignan AE s}etEo|H, 7| EF+x27F 2
phenylpropanoid =419 F A2 FA =] Utk
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lignins, stilbenes 5°] AE FFoNx o] F7HA¢] 7]+
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