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Antioxidative Mechanism of Indole Derivatives
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Reactive oxygen species (ROS) mediate reactions which can damage a variety of
critical biological molecules including DNA, proteins, and lipids. The present study was
carried out to investigate the scavenging activities of indole derivatives against ROS and
their scavenging mechanisms. Thus, eight indole derivatives were screened for the
scavenging effects against Oz, H202,-OH, and ROS. Among them, indole derivatives
with a hydroxyl group at the position 5 showed the strongest scavenging activitiy.
5-Hydroxyl indole derivatives significantly protected cultured PC12 and CPAE from
damage induced by #butylhydroperoxide (BHP). Especially, serotonin and N-acetyl
5-hydroxytryptamine showed the strongest cytoprotection. /n vivo experiment, serotonin
and N-acetyl 5— hydroxytryptamine reduced lipid peroxidation in ICR mice given BHP.
In these experiments, serotonin and N-acetyl 5—hydroxytryptamine markedly showed the
protective effect against ROS-induced stress /n vivo and in viftro experiments.
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Fig. 1. Structures of indole derivatives.

of =Mo| thEt ZQAMo| AlED IHES MA  AE STHSo| e APV AL D ot 2Lt
g £ A= HAHM Sof & ATt gs| AEHT  oF FEAe LEQ "atEdo[Lr MEEUo it
?Acl Ascorbate, vitamin E, cysteine, cysteamine, AR E0| FEHoZ a1 AKX 1T 0[Le| oF
L-mercaptoethylamine,  butylated hydroxytoluene  FZ Aol 25 HAXQ HAFER ol =J| chAof
(BHT), dimethylethanolamine0| F& ghAtslE2Z ez 2 AFMM=E 839 o= |IHsS
& 2eix Uct £ olE A ER o HHS UX|S Tryptophan (TRP), 5-Methoxyindole-3-acetate (MIA),
1, HAs5S S4A7|0, oL 20|= A S X[MA|7|  5-Methoxytryptamine (MT), 5-Hydroxy—D-tryptophan
1, SWAHSE o old Fatol WM Ax st (HDT), 5-Hydroxy-L-tryptophan (HLT), 5-Hydroxy-
T &k J2|3, M AdAToA fels Mool EMs tryptamine (Serotonin), N-Acetyl-5-hydroxy-trypta—
= SHMSN 2 SR M2E0| E8MAT J2(2-052 mine  (AHT),  N-Acetyl-5-methoxy—tryptamine
NO7I Hr3all A BHA = 0{Al= ONOO S EXH2E X (Melatonin) (Fig. 1)ofl cHslf ZdMAZ 4 =2
Asictn 2 ogict homogenatedilAe] & gAML HMo{gdo| st

EstHoz MAl SEEM Do STpMolM 2H|  screeningg AAIZICE J2(1 MZHLAOM A=
2= o1& §EA(indole derivatives) & sttel Hel RIAHES ME EEES ZABINUCE 7 vito A8
Et(melatonin)2 012 HAITHOIA Zalglol MM Ao Zusg ENZE JH&E 21yt 2t olE REA,
HD0 s SYMATES HMAst] chlA XA O 5 MZEYIAHTS B5l0], MslE AERAS RE
2|1 DNAZ 22Hez E5522 ofyet 423t sl= =#el XE3REtE +butylhydroperoxide
ZM D o2 FIHE JHX|= Aoz EIEe w2t (BHP)E MElsh = & =& g MEsto] 259 25
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SMMABES 2, 7'-dichloro-dihydrofluorescein
diacetate (DCFDA) ##Ho=z Z=X351%ct DCFDAS
99.9%2| olEt=2o 2sfistol 125 mMZ THE
esterase2 3x EF 50l sl 600 U/mig &t
0] 0|& Z5E -20°Col| stock solutionSZ X &5}
cl. A'8Al 1 mM DCFDA 30 uiet 600 U/ml esterase
0uS Esstol 22°ColM 2087 HjYs =
2',7'-dichlorodihydrofluorescein (DCFH)0| BFEO0{X]|
B 50 mM potassium phosphate buffer (pH 7.4)
2960 U HI7t AASTTIX| oM ST Hasioict,
0l= X|8M°| DCFDA7} esterase == &3t JfE
siE ot H|gZAMel DCFHZ EolMEsE o,
DCFH= M Mtacof ofsf Atzts|of 26t Has LiE
W= 2',7'-dichlorofluorescein  (DCF)O| =HZ2Z,
wavelength 485 nm % emission
nmoll Al 6027t
Microplate Reader (FL 500, Bio-Tex Instruments) 2
gl Hats EMSIIct

(1)-Ozof tist HAZE =X

50 mM potassium
phosphate bufferg® 1:34 H|EZ pH 745 A2
ENH 140 poll 2E KX 102 96 well plateo]] &
of 37°CollM 5274 'EOFAWEP 0{7|oll DCFH 2% 50
g 9ol MAE .02 Hh38to] LiEt= EEe &

2 6027t SH™stct Menad|one._-0 - E
= 2&olct

(2) Ho0. Mool Chst MHEHE

50 mM H.0.2} 50 mM potassium phosphate
bufferE 1:34 HEZ pH 7.45AH 42 2 140
of ol& ST 10 WS 96 well plateol 20 37°Cof|
M 5E7F FESIY Tt 0{7]0 DCFH 2 50 us ¢
MAME H0.2t BF3sto] g9l &g 6022 SH I

it M
ct.
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excitation

wavelength 530 Fluorescence

menadione@} 50 mM

(3)-0H MAEo| =X

50 mM FeSO,2} 50 mM potassium phosphate

buffer® 1:34 |82 pH 7.4ZH 42 N 140 yloll
o= FEA 10 uS 96 well platedl|] 20 37°CollA 5
22H XS EP 07|oll DCFH 2% 50 u2 dof 4
ME-OHSt BtS5to] MM E g 242 607 X
St3ict -OHE Fe804 b H.0.2 BHEAIFA MM =07l
=&o|ct.
(4) ICRA =7 o229 =2 homogenatedi Al
oE REMES & ML HAH 21 B
Y =29 homogenate?| & AL MM %%
x

DCFDA assayE 0|8&35t0d EXMsI¥CE I &
homogenate 10 pl®F 50 mM potassium phosphate
buffer (pH 7.4) 190 W& =MIHZ 96 well plated]] &
2 F 37°CollM 5827t MESICt 125 M DCFDAE
50 M7tsto] MM E o HEE 6022 SN
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2) Ml kAol M
5-hydroxyl indole FZx=
off 2 A3

(1) M=t

AMAMESH A0 Bo| B = PC122t gt
oM Zol CPAE(YE M= 23: Tokyo, Japan)S 212t
75 cm? tissue culture flask (Coming Co., New York,
U.S.A.)ol 2x10° cells/mIe] Y=} =7 b 25t% Ch.
o W AME$t HiXl= heat-inactivated (56°C, 30&)
10% horse serum®t 5% fetal calf serum (PC12¢l &4
<) E= 10% fetal calf serum (CPAEQ!I A<) &3l
1 o47]ofl glutamine (5.84 mg/ml), amphotericin B
(0.25 ug/ml), penicillin (100 U/ml) % streptomycin
(100 U/ml)2 &7tstgict a2/ NaHCOsS 7tsthod
pH 7.47 7622 Z=H3$t Dulbecco's Modified Eagle
Medium (DMEM: Nissui, Tokyo, Japan)& 37°C, 5%
CO.2l  Z=ZolAM  ditsiieni, 2o 1354
subculturesto MZFE X[

(2) 3-[4,5-Dimethylthiazol-2-yl]-2,5—-diphenyltetra-

zolium (MTT) assay”

MTT stock solution2 Dulbecco's phosphate buf-
fuered saline (D-PBS)oll MTT7} 5 mg/u7t HEE =
0f 2ol M HE 2SR, PC122t CPAEE Z
Zt 48-well platesol|l i 2Fstod BiX|E Mot D-PBS
213 NHst =
1 mM 5-hydroxyl indole

serum free media 450 g Y=cth.
SEZA 455 75t 30



=of| PCi120l= 5 mM BHP 4.5uE, CPAEX= 50
mM BHP 4.5 ulE 22t Jtsto] 24|17 s stict O
# Ctg MTT 50 uE 7tst CO, vi7| (5% CO.,
37°C)ollAl 3AIZE Hj2kstod
chondria dehydrogenases®2|

formazan productsZ HiZtA|Zl ¥ acidic-iso-
propanol Triton-X 100 500 & 2t wellol 7F5t A
ME HepMol AYERZS s Z6lAAH 8&HE
g 310 560 nmoilM EHTE ZSHsIqCt
3) In vivorl M X|Z oprbstol| Chist MZEH, AHT
o k=& HESAE M
(1) MEESE 2 2+=5F0
® A¥s= ICRA #7 ofAZ Ofst

1 ofle] AFS
AFEStict ofmf, AtSAlo|
Hot2 12412 F7|12 =

(Taegu, Korea)ollA T¢l8t0
35 g MZo| HE AHo
4+1°C, & 50%,
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potassium phosphate buffer (pH 7.4, 0.5 mM phe-

nylmethyl-sulfonyl fluoride, 1 mM EDTA, 80 mg/I

o|-°)

trypsin inhibitor &7

4°ColAM 1522 HME2[E = 1 é}%o—.”% CHA
12000 g, 4°CollA 15@2F falE2|5to] HOojEl A4S

M= homogenate 2 st Cl.
(3) XI= 2patst ot M2EY 2 AHTO| &2t =57
| homogenate 100 ploil assay mixture (1.2% TBA
SN :8.1% SDS N : 20% acetic acid = 20 : 4 : 30)

£ 5004l 7tst = o] S 2ER=ES 94°CollA 3022t
Ly2t5

7HE 34t tol MAME= thiobarbituric acid-
reactive substance®| butanol ¥ 300pE €O

ct. 2,000 romollAM 102

54 4_|‘7O|'_||:_ E

malondialdehydeS F&35}%
2t AR5t O A4S excitation
ot 530 nm, emission LA 590 nmoilA EH 5N

=3

1) EAH2A

=1 Z AZSEFEH g2 A Zis2
MeantSEMX|IZ ZA|st¥ 1, Zt A3y ZIlZHH
ANOVAE St & Student's t-test, two-tailedE Ol

3510 Zt 2o Wzt RelMs A™sRct

N

FEA S| BHY

1) In vitrooll M Q1= MMLE HA &

1t

Fig. 2. Dose-response curves of indole derivatives for scavenging Oz, H202 and-OH.

Values are meanszSEM of 3 experiments. HDT, 5-hydroxy-D-tryptophan:

N-acetyl-5-hydroxytryptamine.

HLT, 5-hydroxy—L-tryptophan: AHT,
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Table 1. Scavenging effects of indole derivatives on-Oz

, H202, and-OH

Compounds (10 pM)

Scavenging of Oz (%)

Scavenging of H»0z (%)

Scavenging of -OH (%)

Tryptophan (TRP) -55.149.1 2.610.4 -45.4+5.6
5-Methoxyindole-3-acetate (MIA) -204.7£251 -8.114.0 -104.9+1.4
5-Methoxytryptamine (MT) -229.1425.8 5.6+3.9 -55.2+5.7
5-Hydroxy-D-tryptophan (HDT) 74.040.5 36.0+2.0 36.4+2.7
5-Hydroxy-L-tryptophan (HLT) 77.512.2 32.214.3 35.9+1.0
Serotonin 82.510.8 37.8+2.1 421£17.2
N-Acetyl-5-hydroxytryptamine (AHT) 79.7£1.5 52.3%0.2 58.5+1.9
Melatonin -723.0+20.7 -2.5%1.3 -47.0t4.6
Values are meanstSEM of 3 experiments.
(1)-0z0fl cHst MAZE HEQ} Z+0| HDT, HLT, serotonin, AHTE Cl2 FTA
olE FEMES Os0f CHEt HAHZEES 7z &2 of tlsh OH MM E MHst= 20| A LIEFARACE,
SEE 10uMZ M Halst 2= Table 10iM E& Of LUIZtX] Aol chHall 1 uM, 10 uM, 100 pMe| S=
HiQl ZH0| HDT, HLT, MZEY, AHT= CIE FZ o 2 M HMelst 23l Fig. 20lM 2= Hiep 20| 2 5%
HI5H -Oz0fl CHSt MAHZE0| 2 H2Z LIEHCE 0] of coisf HDTel Z<S 16.5£2.3%, 36.412.7%,
H2IX REXMES 242 0.1 M, 1M, 10pMe| BE 86.1+£1.2%, HLTS| &S 12.312.5%, 35.9%£1.0%,
2 ™ Xalst 21, Fig. 20iA E= Hle}f ZHo| 2t s N7 7%= MzZEHS a< 12.4+£4.6%,
ol HDTe &% 13.5+4.3%, 36.1+1.4%, 57.2+4.2%, 83.311.0%, AHTS &S 21.2+4.4%,
74.01£0.5%, HLTSl &< 11.146.3%, 37.8+2.5%, 58.541.9%, 75.410.8%2 ST o/&=Xo=z HMHEt
77.5+2.2%, N2EHS 4% 7.6£1.8%, &g LIER4AUCH
39.9+2.6%, 82.5£0.8%, AHTS Z< 11.61£5.9%, (4) |CR71| =71 0IfA I =3 homogenated A Zt
36.412.7%, 79.711.5%2 ST 2|&H2l HAHEE ol REAel & MM HH 2T
= LERf AL ol FEAE° TZ=ZE homogenateMe & A
(2) Ho0001 CHst ®MHEtE M HAES 2 REMES SEE 100uMeE H
IE FEA S H.00 CHEH HAHZEES 2 slEt= X2|gt 21} Table 20l EH= HiQ} ZHo| M ZEH D}
ol ZEE 10 MZ M Xzlst 23}, Table 10IM E= AHT= CHE A Sz ga2l A ataof Zst dA
B} ZHO| HDT, HLT, serotonin, 2|1 AHT= CE2 52 =t

$

Et
M|
o Z =ZoM HDTE
36.0£2.0%, 55.312.6%,
32.214.3%, 58.1£3.4%,
21.7£1.7%, 37.8£2.1%,
17.7£3.1%, 52.3£0.2%,
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Table 2. Savenging effects of indole derivatives on reac—
tive oxygen species in the brain homogenate
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Table 3. Cytoprotective effects of 5-hydroxyl indole deri—
vatives against BHP in cultured PC12 and CPAE cell

Compounds (100 pM) scavenging (%)

Tryptophan (TRP) 0.3%3.3
5-Methoxyindole-3-acetate (MIA) -18.4%2.0
5-Methoxytryptamine (MT) -13.9+2.9
5-Hydroxy—-D-tryptophan (HDT) 9.1+2.2
5—-Hydroxy-L-tryptophan (HLT) 6.81£2.2
Serotonin 52.9£1.3
N-Acetyl-5-hydroxytryptamine (AHT) 42.8+1.1
Melatonin -46.5+1.7

Values are meanstSEM of 3 experiments.

Fig. 3. Effect of serotonin and AHT on brain peroxynitrite
level in oxidant challenged mice. The mice were killed 5
hr 30 min after treatment with SIN-1 (100 mg/kg, i.p.)
Value are mean£SEM of 6 mice.

*p<0.05, **p<0.01 vs. SIN-1

SIN-1, 3—-morpholinosydnominine; AHT, N-acetyl-5-hy-
droxytryptamine.

MEZEHD AHTE BHPS X2|at MFolM x|H 1t
Mat dd e AMsen, §35], BHPE Heleh 43
of 50 mg/kg AHTE E7t=[01Zl ZofAM X|E npitst
£ 7oy W daAZACH+p<0.05, Fig. 3).

Cell viability (%)

Compounds

(10uM) PC12 CPAE
BHP 64.4+2.0 62.0£2.3
HDT+BHP 72.912 . 3*% 73.111.5%x%
HLT+BHP 76.713.8%« 72.410.6%*
Serotonin+BHP 86.711.0%*x 84.5+1 7Txxx*
AHT+BHP 82.113.4%x« 80.910.5%x*

The cells were pretreated with 5—hydroxyl indole deriva—
tives for 30 min and then were exposed to 50 uM (PC12)
or 500 uM (CPAE) of BHP for 2 hrs.

Values are means+SEM of 3 samples.

Statistical significance: **p<0.01, ***p<0.001 vs. BHP
only.

BHP, t=butyl hydroperoxide; SIN-1, 3-morpholinosydno-
minine; HLT, 5-hydroxy-L-tryptophan; HDT, 5—hydroxy—
D-tryptophan; AHT, N-acetyl-5—hydroxytryptamine.
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