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Inhibitory Effects of EGCG on the Dopaminergic Neurons

Tag-Heo’, Sujeong Jang', Song-Hee Kim', Han-Seong Jeong' and Jong-Seong Park"?
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This study was designed to investigate the effects of high concentration of (—)-epigallocatechin-3-gallate (EGCG) on
the neuronal activity of rat substantia nigra dopaminergic neurons. Sprague-Dawley rats aged 14 to 16 days were
decapitated under ether anesthesia. After treatment with pronase and thermolysin, the dissociated dopaminergic neurons
were transferred into a chamber on an inverted microscope. Spontaneous action potentials and potassium currents were
recorded by standard patch-clamp techniques under current and voltage-clamp modes respectively. 18 dopaminergic
neurons (80%) revealed inhibitory responses to 40 and 100 uM of EGCG and 4 neurons (20%) did not respond to
EGCG. The spike frequency and resting membrane potential of these cells were decreased by EGCG. The amplitude of
afterhyperpolarization was increased by EGCG. Whole potassium currents of dopaminergic neurons were increased by
EGCG (n=10). These experimental results suggest that high concentration EGCG decreases the neuronal activity of the
dopaminergic neurons by altering the resting membrane potential and aftethyperpolarization.
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U AIE wi g ol APAE BE A8 Bl et
of Z3jo] B0} skl o] FolA Shtt (Levites et
A==

al,, 2001; Blum et al,, 2001). o]¢} Z& Sape] gy =
2} el EA8HE (-)-epigallocatechin-3-gallate (EGCG),
(-)-epigallocatechin, (-)-epicatechin gallate, (~)-epicatechin}
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{Graham, 1992; Pan et al., 2000). X572 =2} catechin®]
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7150l Hake] o] Foj A grot, =52t catechin®] 417 Al
X9 7 Ao A A7, 53] AAAE &4 =4
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Jeong et al., 2005).
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B gk vF 9} (Homma et al, 2001; Katayama et al., 2002).
920t HE e R o A EGCGE HEH
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Ro g2 Iy 2t} (Nakagawa and Miyazawa, 1997,
Suganuma et al., 1998). Jeong &= ©|ol &lste] T4l
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(Jeong et al., 2005).
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5 uM#} 10 upMe] EGCG
AFozx o AAAEE T
S 2313k vl At (Jeong et al,, 2007).
T patch-clamp WHS ¢85k Jeong Fol ¥z
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A% 14~169 Aol Sprague-Dawley oA Kay
<} Wong®] "ol <Jsld 2 AAAEE Eaigict
(Kay and Wong, 1986). AFHE etherZ v}H 3 ¥, T3 &
FHES AATL FHo] fAEHE Ht 29E A&
At A& 24L 95% 0,, 5% CO,Z E34 Q3 =
2|l (4ol Beeta, HZA MW7) (Vibroslice, WPL
USAYE AHE31o] 400 pme] FAHAZ #AAHo = Hos)
o W& dAFe] x3he HAR S TER HPdHe
2o wjeF fAo A 1A7F o) wiYgE ok wl B
) &%) pronase (Sigma, USA)9} thermolysin (Sigma)<
o] &3t 27} 02 mgml FxolA E2HE HHE A
Aok E4A7F B dEE A AL g Lo
A wigslias Fd F9e 37 HAEE F=2el 216
FAR R HFste] AL ol EHEANA 99 4d
|71 &% F ZAL 99E olgdte] g AEXE ¥
st BElE AEs 8719 videl] heigke}l <k E)
H el AZAFE 71539
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Aol 24 (mM)2 124 NaCl, 5 KCL, 1.2 KH,PO,,
1.3 MgSO,, 2.4 CaCl, 10 Glucose, 24 NaHCO; 5 2.3 T-4]
HRom, Aze &9 (mM)2 3 KCl, 140 Choline-Cl, 2
MgClL, 2 CaCl,, 10 HEPES (N-[2-hydroxyethyl]piperazine-N'-
[2-ethanesulfonic acid], 30 Glucose, pH 742 &} 3L, A ¥
£ (9, mM)2 140 KCI, 2 MgCl,, 0.1 CaCl,, 10 HEPES,
0.1 EGTA (ethylene glycol-bis(B-aminoethylether)-N,N,N' N'-
tetraacetic acid), 2 Mg-ATPO|™ pHE 7322 3ith A
o tiF o= FoAE FTHES o]&¢ HFAAE ol %
sto] 871 &S EEARTE 2 AFolA ALEeh oF
E-& SigmaAl (St Louis, USA) Al&E-S AHE-3lt)

3. 0|2 R 7T

- =TT
2 52 AHA LA Hamill 52| whole-cell patch
clamp WS o]&3to] A BFHYE V|F3ATh

7158 5L vA fg A= Alx7) (Narishige, Japan)

9} microforge (Narishige, Japan)E ©]-8-3}] A &o] 3~5
MQeo] HEF ARt G 14 AFY 4L
Axopatch 200B patch clamp 537 (Axon, USAYE ©|-&3}
o] Digidata 1200B (Axon, USA) interfaceS 53} 7 FFE]
o} AAsdth gt 24 H8EH Lol EEME
A%l 712 2 A8 B pCLAMP 7.0 software (Axon,
USAYE AHE3151 o1, oscilloscope € AHE3Fe] #5792 WA
= FAldl #E3h

4. NEIZT} 2A

HI

7129 AEE pCLAMP 7.0 2 Microcal Origin 4.1
(Microcal software Inc., USA) 2102 BA3}19IT}
AP=AR = HEF 24 (ANOVA)H Bonferroni AH-F
Ae ABaled P00SE Fo4el TEew Agkon %
o+ FFAE ZAEITH

2 1

1. 22 =oEly MEMES AHgA 2 wshso Al

EGCG7} &4 =aplg AAMEe] 24 vA=
E3E whole-cell patch clamp recording®] -7
2 #FEUY AFS 0 nAZ TIPS o
A =y AFAEE AL EFHAE UERII
o} EGCGell 9314 & 22709] AAHE F 18719 A=E
A HHEE Bow 479 AAAEE S Ho|R|
) wheS Hol: 18719 ARAEE BT FYe
HHS-g Yehfiglon o]52 40 uM= 100 M2 EGCG
of 9Jate] FRAo] AA=HE vH-S YERIIT (Fig. 1).

EGCG7t 52 =mifly MFME 2380 0jx[=

=4 T AR L] e 21.90+1.17 spikes/
secol A1 40, 100 uM BGCGol 2l8te] 2z} 16.92+0.95
spikes/sec (P<0.05), 15.3010.77 spikes/sec (P<0.05)2.2 &
AR o2 fFofstAl 7HAsIiTth (Fig. 2A).

2) EGCG7t 23 iy MAME e Feo| 0|

Xe= 58
24 =Ny AAME gt HhE 46.5410.84
mVo|loH, o] 40 uM EGCGell 2314 -47.1310.89

-mVE 71315 0.8 (P<0.05), 100 uM EGCGel 2] 3}

48361087 mVE EAZ o2 s (P<0.05) IE=
At (Fig. 2B).
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Fig, 1. Inhibitory effects of EGCG on spontaneous activity of rat substantia nigra dopaminergic neurons. (A) effects of 40 and 100 pM
EGCG respectively, (B) comparison of EGCG effects in different concentrations on the shape of action potentials.
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Fig. 2. Effects of EGCG on the firing rate (A), resting membrane potential (B), afterhyperpolarization (C) of substantia nigra dopaminergic
neurons (n=18, *significantly different from the control with P<0.05).
3) EGCG7t B& Z=holy MAME Fae= 37|9 _
_> : & =R SR FaEs 20 2 EGCG7t 33 =moly MNHME TEHE
DX|= &34 -
_ ) A= &t
=4 wulild ARAEY FIEFE 12984032 mV
A 40 M EGCGol| 2l8te] 13.08+£045 mVE Z7}5+S) EGCG7} &4 =aviag NAME] Xebg Aol v
©1, 100 uM EGCGOll 23k0] 13.082044 mVE (P<0.05) A& 932 F913}312} voltage-clamp mode 3t A e
& AFE 7123 F EGCGY EHE T 74
Aeke 70 mVE 313 10 mV ZHE 0.2 60 mVellA] +40
mV7HA] QAR o R S5 AAE ) 102 vt 400
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Fig. 3. Effects of EGCG on the outward potassium currents in dopaminergic neurons. In each panel, the ccll was held at -70 mV and
test depolarization with duration of 400 ms were applied from -60 mV to +40 mV in 10 mV increments. (A) effects of 40 uM and 100 pM
EGCG, (B) current-voltage relationships for the potassium currents. *Significantly different from control (P<0.05).

ms 3 AT F 16004 ENIAd AEAE ]
TEHS AFE 40 uM EGCGoll 2)8led 3482+121 pA°ilA]
3114342 pAZR Z7FeH5 21 (P<0.05), 100 pM EGCGoll
98lod A= 50204232 pAR (P<0.05) E7}stE whS-o-
YeRSIT) (Fig. 3).
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2

A (substantia nigra) T2 =37l
FHol glow, slqaeR FaLHol
T A0E dEA O‘E]— (Kaplan and

Miller, 1997). ©1& & AFAEES AH 540 23l
£ T 27y 24k, o) J}L ARl w

g &% Aol 2
et al, 2001). A7) 0. ]

BAEE -9 A=l Qloj AnEg AEe
A7) A Usksol gith &

e o] WAMEANAM FulHE =snle) wa)st
FAZ Q= Aoz dA e, A 2}
2517} burst FEIR HAEHE =uinle] E4)7} FotehE
Ao g ®¥iEo] gt} (Overton and Clark, 1997; Prisco et

al., 2002).

Jeong 5 (2007)2 52 =V AAME] S5/
nXE AFE EGCGY a#E #Ed vk gtk o]
5 M3 10 pM9] EGCGE &2 =apglAd AAA 2] =}
b el S FrbAFlow, AT Aske gES A
Aow, SRS A7|E %‘i*l Aoz 284S Tt
AlZekal Rasiglon oleh o] A NAAEe] TR
Ao] F7lehe AL o8 AAAEA A Eupdl BH|E
S 2leg AgeAg T FEIUH & dF

oA+ Jeong 5
3} 100 uM2] EGCGE o] &34 o]&0] A& &3

BT DHES) EGCGE AR Aok 1
2 24 ARATY ARH DHRES PRAAH, AE
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v} A7 A
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dependent potassium current)ol] 2J3}e] HAHE= Ao m o

X BF 2E do] AE AL uX= a9E 73 #A] 2tk (Sah and Faber, 2002). ©]2 F8
Aol ME ER1E 4 Ath EGCGE 4t} <-4, d# 24 mailAd AAALY 2 &4 & A5
AAAA, FAE TAF FR T 71AS Bl ¢ & e ss e A7E FM7)a, 1 A
45 e oR geld glom, o] uf FEsh= BGCG o] AR FEAS oAA7E Aoz A4e & ik
= HAA 317550t} (Mandel et al., 2004; Zaveri, 2006) B Ado Aot ol 52 kel AR A A 2
AZBA AEF SH-SYSYO A ¢DNA microarray 7] ] & oA Xeg AFE 2EToEHN o] AlEe T
L} real-time PCRS o] 88 9ol A] EGCGE 50 uM o]  Fibo] wisteti= BaiEo] @ol gt} Prisco T2 3
Aol FroAe Axe] ZA 53E zk= Zow HI A AMAAEAA group I metabotropic glutamate <& ] £}
Hol dov, B AglolMe} o] dx} B wjgst A NMDA ionotropic &7} FAlell &4t Zh o &
BAZLE o= =4 G395 7788 7= ok 98 A ek ARV A99E bust Fele] FEAATL
T} (Mandel et al, 2004). & oA BT A XL wEls 1 13k B 9l oW Johnsond} Seutine 2 &
EGCGell tiste] w85 Hele AXE ANt 715 2 A e AF9 A9a a9 apamin] 2814 o)
AAME Ao Dol AMAA] B3 fAls= Aoz Af7E Aved &5A907T pacemaker FEfI A multiple
Kol EGCGY ME &Ae wxl= Fgke Az o&4 spike burst FEIZ HFE}T g 8} AT} (Prisco et
ALz HRAM ol Hlste] AEEe] EGCGE 417 al, 2002; Johnson and Seutin, 1997).
g A mdoA] thkeh o 2= adol M Al Hke fAshke US43 WAAEe S40] =
A 8] TA} Aete ME BE 288 7pA 2 v T4 ABAZe v AR @] 5] Ap=e] gl &
ABAEL Bl TS vAE AL o] g AYE farets AbdA Wk shal lok (Johnston et al
714 &dolth. EGCG A7 A Eoll A thakdt o] Al 1994). Jeong T& A%¥ES) 0.5 pMI | pMe] EGCG7}
d4s 2485k Ao 4A 2t} (Johnston et al., 1994). W& AAe AFMEe] R X avs PRt
Kim & EGCGZ} #¢] #5524 AAAZAA 41 I = 9]‘3}@ EGCGE W5 dA3 ABAEL
= AFE AATE B89, Deng 52 sfvie] A7 o] 2pihA wrslg-& A ow HEE GESAIZITH
AEA A EGCG7E 2t % AFE JAES vusdat WS AR NAAEAANE T2 s A QA E
(Kim et al., 2009; Deng et al., 2008). 2|3l Campos-Toimil Meb= 2] EGCGYE FaHE=e] Arlde dEs v
¥} Onallow EGCG7} @3t HETA|3Le] Mgk o)A 2+ A ¢4k} (Jeong et al, 2005). o) WS AAY AT
¥ ARE AT golon, Bae 5 divt ABAE oM BGCGTT 2 Q84 FEHE ARl 93 v
ol EGCG7F AMPASl o5t fi® 24 5718 o A i g oj25 =2 s mHozs o] AAA
Ao zH AMPA FEAF AAHE o] g x4 FEo] BFAS 2dste Ao AZEn el EGCG
Frodghhar sFSIvt (Campos-Toimil and Orallo, 2007; Bae et 7F AAAEL] FEAC vAE Y BWH EGCGE
al., 2002) H|52gh Frox e Aol wet ohE vhE-& YERdth
T2 Aol Zekg AR Axe] hagteldt & A FR9 EGCGTE WE A9 A M SR
SRS BeFs) aea 3R 2Ake 24 58 F8ol & GAlslE WS ke R Jeong 5o A oNA
AEze] FEAS dahe 2o defA ik dubde. 9 Po] 34 manlAg AN T SRS T
= Zebg Aldoe] dulA HW NEE 2T TR ukSS faele & EGCGO| 2lEke] AlEuofA] o]}
3ol A=, DA HH FESEe] SR Tyt Aoz FUHE A2 ol V]1shE AoR o
Al #T} (Johnston et al., 1994; Kaplan and Miller, 2000). - A7
A& A voltage-clamp B ol 9dte] EGCGE HA X
£ TN HSS TS oM, current-clamp ZEALC]
o] 7718 /TS ATE 20059 FE Bt st gu] 2 el o

5 ol Yeht she] o]FolxF Uk
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