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Objectives: Oxidative stress—mediated neuroinflammation has been supposed as a cru-
cial factor that contributes to the pathogenesis of many neurodegenerative diseases. In
this study, we aimed to investigate the protective activity against oxidative stress and
neuroinflammation of protocatechuic acid (PA), active phenolic compound from Momordica
Charantia.

Methods: Protective activity of PA from oxidative stress was performed under /n vitro
conditions. Our study investigated the protective mechanism of PA from neuroinflammation
in cellular system using C6 glial cell. To investigate the improvement the effects on oxi-
dative stress and neuroinflammation, we induced oxidative stress by Hx0O2 (100 uM)
stimulation and induced neuroinflammation by treatment with lipopolysaccharide (LPS)
(1 ug/mL) and interferon-gamma (IFN-7) (10 ng/mL) in C6 glial cells.

Results: PA showed strong radical scavenging effect against 1,1-dipenyl-2-picrylhy-
drazyl, hydroxy radical ( - OH) and nitric oxide (NO). Under oxidative stress treated by
H,O2, the result showed the increased mRNA expressions of oxidative stress markers
such as nuclear factor-kappaB (NF-kB), cyclooxygenase (COX-2) and inducible nitric
oxide (iNOS). However, the treatment of PA led to reduced mRNA expressions of NF-«B,
COX-2 and iNOS. Moreover, PA attenuated the production of interleukin-6 and scav-
enged NO generated by both endotoxin LPS and IFN-7 together. Furthermore, it also re—
duced LPS and IFN-7-induced mRNA expressions of iNOS and COX-2.

Conclusions: In conclusion, our results collectively suggest that PA, phenolic compound
of Momordica Charantia, could be a safe anti—oxidant and a promising anti-neuro-
inflammatory molecule for neurodegenerative diseases.

Key Words: Neuroglia, Momordica charantia, Inflammation, Oxidative stress,
Protocatechuic acid
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o E(Momordica charantia)= 3K Cucurbitaceae)2] B
ZHER Y] &5l wfiof &2 .o|(bitter melon)2h

3 ¥ TofehaE FEDh ofAlol, ofxel7l, dolule)
FelM del AE 5 glom 21 Bg o o] W
i & mape] B712 Qo) gl o] 4ol Bl
M G ZRE BYEOE Aol olF ArT Ao
A AeUolely BY AR PuA v BYY T}
AR FEa QTP Seluke B
Cq—r—/] %’*é/‘éf‘.——"— A flavan-3-ols (epigallocatechin, cat-
echin, epicatechin)$} phenolic acids (galic acid, protocatechuic
acid [PA], tannic acid, p-hydroxylbenzoic acid, vanilic acid,
caffeic acid, chlorogenic acid, p-comaric acid, ferulic acid)
o] Zg=o] ItH?. Choi Soll 2sH o F2] o)
£ OE phenolic acids®} Bl dte] PAL] dHFo] 713 =
< FAE Uehio] PA7F oF2o] F8 GAEEE B
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1. M2 " A9

Aol AH8H PATE 3hubo] ™, Sigma
Chemical (St. Louis, MO, USA)Atol| A Fdsled ARE-3}
Atk ARk ~Ef s fdsr] s AHES 0=
Junsei Chemical (Tokyo, Japan)AlollAl FJstA Tt g
sodium nitroprusside (SNP)= Wako (Tokyo, Japan)A}ell A
TYdste] AHE-3FM 2™ lipopolysaccharide (LPS)+:= Sigma
Chemical A} #| &% interferon-gamma (IFN-y)i= Pepro Tech
(Cranbury, NJ, USA)A} A& A8 TE mRNA & 2]
=75 913 A8 nuclear factor-kappa B (NF-kB), inducible
nitric oxide synthase (iNOS), cylcooxygenase-2 (COX-2),

= = Ho
T TFL AR

glyceraldehyde-3-phosphate dehydrogenase (GAPDH) primer+
Bioneer (Daejeon, Korea) 2] A|#-& AME-stH A, ©ed
e =43sl7] 2 AR-E B-actin, NF-«B, COX-2, iNOS
antibody= Merck Millipore (Billerica, MA, USA)A} A &-&
AH8-8FA T

2. M HiY X C6 AZO[wMIREe| HBHS
C6 A7l M| E(C6 glial cell)= IH=-A| EFL-3(KCLB,
Seoul, Korea)oll A kol ARE-3HRATE vl = 913l ARS-

2 Xt
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3+ Dulbecco's modified eagle medium (DMEM) Hl| #], fetal
bovine serum (FBS)3} 100 units/mL penicillin streptomysin
2 Welgene (Daegu, Korea)oll Al F¢)3ke] AH8-3FA T C6
AZ4ol WM E = 100 unit/mLe] penicillin streptomycin ¥}
10% FBS7} +¥ DMEMS AH8-3ted 37°C, 5% CO,ol
A wfekala Tt iokE AEE 1299 3 ¥ v S v}
ol FA wjefste] AZESPF Hol] =23l o
phosphate buffered saline=Z MZE Al &3  0.05% trypsin
7} 0.02% ethylenediaminetetraacetic acid (EDTA) 3 o

FAE AEE 2T F 44 £t Al2zE Be
o Alazet iRl E & EFste] Al wfFske] AHg-SkS
ok C6 Aot Az o] AFRES =dll Azt A= Al
Zaf Aol LPS (8 pg/mL)2} IFN-y (10 ng/mL)E A 2]s}

of 36A1%F ¢ ASAA ABETES FEHAT.

3. 1,1-diphenyl-2-picrylhydrazyl (DPPH) £7{s &X

7t FEHE ethanolol] =<1 A1 E(5, 10, 50 pg/mL) 100 pL
2} 60 uM DPPH 100 uLE 96 well plateo]] &3+3to] 2.
ol A 308 WXAIZ F 540 nmoNA FFES ZAHEN
th ARE AUl e tixad) Hlaste] A 2y
Z(free radicals) 2A&FHE WMEE(%)E YERNAT.

4. -OH &7s =3

Fenton ¥+-&-ol w2} 10 mM FeSOy + 7TH0,-EDTA®] 10 mM
2] 2-deoxyribose solution®} F=E A|58NS &3 ok
+ 10 mM H,0,5 #7138t 37°Coll A 441352t vl s}
Gt o] E¢He| 2.8% trichloroacetic acid$} 1.0% thio-
barbituric acid solutionE Z+z; H7}sked 2087 2 24131
F 490 nmoll Al FFEE SAANY. ARE WA
& iz vlwste] - OH &AAEHE HES(%)E
YERH AT

5. NO &7 &4

NO £71%5-& Marcocci 52] W o2 2319tk 10 mM
SNP solution®] 50 mM phosphate buffer (pH 7.4)Z =
7 EEE ARE ¥ 25°Cell A 15087t WAl F T
o] B2 E3tH-L 96 well platedl] FU3ke] 0.1%2] naph-
thylethylenediamine dihydrochloride®} 1%<] sulfanilamide
E I3 5%2 phosphoric acidE FHOE 412 griess

reagents 2] A4 303t RESAIZ] $ 540 nmollA]
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6. NO MM 2ix| =X

C6 Aot M E= 96 well plateol] 1x10° cells/mL=Z
seedingste] 2A17F ¥ & AEE FEHE A5t 34
7t ERF A s A Tk LPSS}F IFN-y+= 8 pg/mL¥} 10 ng/mL
FTER Xt 36A%F Bk 37°CoAA AHEAR T A

ZN3} griess reagentS THOZ WREA|ZTHo]E W&
2bgkste] Aol A 3023 ¥HEAIZ] ¥ 540 nmoll A F-3F
& =45

7. Interleukin (IL)-6 MMZF =X
AEW IL-6 A =S Mouse Interleukin 6 ELISA kit
(Abfrontier, Seoul, Korea)S ©] 83l =43}t C6 4173
LA EE 96 well platedl] seedingdte] AIEE FEREHZ
Ae]ated 3A7F <k AR 5 LPS$} IFN-yE 8 pg/mL
710 ngmL F=2 A 2Jske] 36413 v sttt whg-ol
Jlur“:] FEAE FtA IL-65 SAHSIAT IL-69] T
= kitol] 3 IL-6 41 o] &3t A=kt

8. Reverse transcription—polymerase chain reaction

(RT-PCR) =X 7|H™

Y =AM FHE ANEZFZHE trizol S 083}
o] total RNAE £2] A &3 &, Top script'™ One-step RT
PCR DryMIX (Enzynomics, Daejeon, Korea)E ©]-83}]
RNA9A] cDNAE &35 T ©] cDNATE templateE ©]
43t FFuES AU NF-«B, iNOS, COX-2 A
£ polymerase chain reaction (PCR) WH o2 FZ3I¢ T}
o] W} housekeeping F+A] GAPDH #XAE
control ©. & A3t Table 1). ZF PCR AHE-2 1% agarose
gel°ll Midori green Advanced DNA stain (Nippon Genetics
A7rete] AAE F A7)

internal

Europe, Dueren, Germany)E
&3+ slider imager (Maestrogen Inc., Hsinchu, Taiwan)<

o] g3to] sttt

9. A=A
Eds 7 AeERty Jde Ay A
FFAAEZ JER 1L, SAS 4.2 (SAS Institute Inc., Cary,
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Table 1. Primers and Conditions Used in PCR

Ol Protocatechuic AcidQ| AMatd AEZHA JiM

mRNA Primer sequence PCR conditions
NF-«B F: GCA-GCC-TAT-CAC-CAA-CTC T 48T |

R: TAC-TCC-TTC-TTC-ACC A cycle: 35
INOS F: CCT-CCT-CCA-CCC-TAC-CAA-GT 48T

R: CAC-CCA-AAG-TGC-CTC-AGT-CA cycle: 30
COX-2 F: AAG-ACT-TGC-CAG-GCT-GAA-CT 48T

R: CTT-CTG-CAG-TCC-AGG-TTC-AA cycle: 30

F: TCA-TGA-AGT-GTG-ACG-TTG-ACA-TCC-GT 62°C
GAPDH

R: CCT-AGA-AGC-ATT-TGC-GGT-GCA-GGA-TG

cycle: 35

PCR: polymerase chain reaction, NF-«B: nuclear factor-kappaB,

glyceraldehyde—3-phosphate dehydrogenase.

NC, USA)E o]&3tq 7 A8 A3 ZHE analysis of var-
ianceE ¥+ ¥ Duncan's multiple test (P<0.05)5 ©]-8-5}
Z} 8] Bt 1) feoldS AT

21t

1. In vitroollM PAS| L5P AEYA XH Fa}

32 FAEZQI PAY In vitrool| A AH8HE ~E g 29
i3k B35 g35 4R 7] 98t DPPH 242, - OH &}
Oz, 183 NO £2A&HE ERIsttt. WA, DPPH 2}
Oz £2A&9E 555, 10, 50 pg/mL)E 2w R Ay}
5 pgmLe] $& FEAA 75% o] 2AEHNE B
om FE o|EHOE = As ¢ T UATHFig ).
T - OHO| ¢ PAS] A2] s e} 5k o|EZ 0w
- OH A&7} Z718h= AL 2 4 AA92H 50 ug/mL
9] FEAAE 70% o) de] 2ARIAE YR ATKFig. 2).

HH, PAS] NO B4 Asi&dE 5743 7éi'+, TE oEH

S IRAIT &= oy
#7} YR E3] 10 pg/mL2
A& A8 HATKFig. 3).

o

l‘E

7+
&

2. C6 AMAOKIMENIA Ho02 FEUEl MK AEHA
2l CHEE WS XM gt

C6 A7 otu M| oA H,0,5 A3 & PAC] o3 4F
315 ~Ed| 2~ 3 mRNA & 248 RIS H.0,
£ AEste 4gd 2EfH2E {§23 controlTol A=
normali ¥} ¥]ad}e] NF-kB, COX-2, iNOS2] mRNA
o] T7H As & 4 AN, PAC 9]3l NF-«B, COX-2,

iNOS: inducible nitric oxide, COX-2: cyclooxygenase, GAPDH:

100 4

[
b
80 2
60 -
40
20 |
0 . .
5 10 50

Concentration { pg/mL)

Seaw enging activ ity (o)

Fig. 1. 1,1-diphenyl-2-picrylhydrazyl radical scavenging activity
of protocatechuic acid. Values are meantstandard deviation (n=6).
Different letters, a, b, and c, are significantly different (P{0.05)
among each other group by Duncan's multiple range test.

100 -

80 A

40 a

Seay enging activity (")

0 T T |
3 10 30

Concentration ( pg/mL)

Fig. 2. Hydroxy radical scavenging activity of protocatechuic acid.
Values are meantstandard deviation (n=6). Different letters, a,
b, and ¢, are significantly different (P{0.05) among each other
group by Duncan's multiple range test.

iNOS E.50ll A control-oll A1 .t} mRNA L& o] A= of
22 mRNA S 1T 4 AJATHFig. 4).
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Fig. 3. Nitric oxide scavenging activity of protocatechuic acid. Values are meantstandard deviation (n=6). Different letters, a, b, and
c, are significantly different (P€0.05) among each other group by Duncan's multiple range test.
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\’_onrrn.lr: ton (g mL:

NGO [ ol i

Fig. 4. Effect of protocatechuic acid on mRNA expression of NF-xB (A) and COX-2 (B) and iNOS (C) under H20; induced oxidative
stress in C6 glial cell. Cells were incubated with protocatechuic acid for 24 hrs and total RNA was isolated and RT-PCR was performed
using indicated primers. The amplified PCR products were run a 1% agarose gel. GAPDH was used as a hose-keeping control
gene. The results are presented as the meantstandard deviation (n=4). Different letters, a, b, ¢, d, and e, are significantly different
(P€0.05) among each other group by Duncan's multiple range test. NF-kB: nuclear factor-kappaB, GAPDH: glyceraldehyde-3-phosphate
dehydrogenase, COX-2: cyclooxygenase, iNOS: inducible nitric oxide, RT-PCR: reverse transcription—-polymerase chain reaction.

3. C6 MZOIIHIZIA LPSQt IFN-72 QUE IL-6 &
H % NO &g x| st
C6 A7 ot A LPSS} IFN-yE A EJste] HEZ
A cytokineSl IL-6 £1]%o] t)gk pAS] ol T3] Lol
RS 1 controlio] 7P =L L6 HH]Z B<) BkH pA

T FEYEH R [L-69 EHIE TFAANZL, 10 pg/mL,

50 pug/mL FENX = normald ¥ +F OS2 [L-6
o #HE A% s & F AATHFig. 5). =7 C6 2l

7ot M Lol A LPSS} IFN-y2] X2l 2 A3t HZ51HH-3-
gk PAS] 24l EE NO A 52 T3l Yolr
gh=d Fig. 6 C6 A7 otalH ) LPS2} IFN-yE A 2]
dto] HAEE NO BAEFE 54T 22 control9]
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NO A4 a]:% 100%=Z B3-S ] PAS A3 A 55
FoAQ AAEHNE HolA ko) control T e
NO AAES YERATH
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4. C6 MZAOIWAMIZOA LPSQt IFN-72 SEE HS42

£ CHHE 2l - gt

LPS2} IFN-yoll oJsll a8 A7 obalAl
g PAS] RS G35 dolr7] i3t
¢l iNOS2} COX-22] mRNA 28-S AE3 A3KFig. 7),
normali3 Bl sle] LPSS} IFN-y= A 23} control2
iNOS$} COX-2¢] Tdo] F7kg WH, PA A2] Al &
oA 02 mRNA HdS ZAaAZH oW 53] 50 pg/mLe
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Fig. 5. Effect of protocatechuic acid on IL-6 production by LPS
plus IFN-7 stimulated C6 glial cell. Values are meanzstandard
deviation (n=4). Different letters, a, b, and c, are significantly
different (P{0.05) among each other group by Duncan's multiple
range test. IL-6: interleukin—6, LPS: lipopolysaccharide, IFN-7:
interferon-gamma.
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Fig. 6. Effect of protocatechuic acid on NO scavenging activity
of C6 glial cell treated with LPS plus IFN-7. Values are
meantstandard deviation (n=4). Different letters, a, b, and ¢, are
significantly different (P{0.05) among each other group by Duncan's
multiple range test. NO: nitric oxide, LPS: lipopolysaccharide,
IFN-7: interferon-gamma.
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Fig. 7. Effect of protocatechuic acid on mRNA expression of iNOS (A) and COX-2 (B) under LPS plus IFN-7 induced neuroinflammation
in C6 glial cell. Cells were incubated with protocatechuic acid for 24 hrs and total RNA was isolated and RT-PCR was performed
using indicated primers. The amplified PCR products were run a 1% agaROSe gel. GAPDH was used as a hose—keeping control
gene. The results are presented as the mean meantstandard deviation (n=4). Different letters, a, b, ¢, and d, are significantly different
(P<0.05) among each other group by Duncan's multiple range test. iNOS: inducible nitric oxide, GAPDH: glyceraldehyde-3-phosphate
dehydrogenase, COX-2: cyclooxygenase, LPS: lipopolysaccharide, IFN-7: interferon-gamma, RT-PCR: reverse transcription—-polymerase

chain reaction.

FTEo A= normal BT B2 iNOS$} COX-29] Hd&

el
=}

JE

DPPH 2tt|Z 47 N
3 9y AMREE o g Ao Balals uE QSR

22 DPPH 2tt]Zo] 43Rl FAISIA| 25 E] 4
o] 2% Wol EVFY A o0 7 kY3 BAs FAste] =t
Moz AT, welx DPPH uZe $stA
U dshe sEo] AW & kst 498 7H o]
g 71dE 4= Aok g, - OHS w717} oo wkg-
do] & ROSS shtE QIF T A Aol Aztek &35
op7|EtH A AFaEE Q073 E3] DNA SRS
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Z~(reactive nitrogen species, RNS) ROS$} whzl7}%
2 4heA E4E 407+ E4E NO, nitrogen dioxide
(NO»), peroxynitrite (ONOO") T°] X3t} RNSe|
T NO= EHARE 714 el o] 2t ghefzdolw AW
oA el g Wed A FRe3 4TS ik AeF
pH “3El(pH 7.4)2] SNP &Ho|A NO= AFA=HA A
=, AE NOT AHAe} ¥EE-31 nitrite (NOY)E 4878
Slal o= greiss reagentE o] 83l I = ATt webA
SNPS- ©]-&3t] HJo = HFE NOE AAs= B2
ZHr ete e S0 ERH R g J|gEnh £ A
TolAE {4 AAIF DPPH &ttlZ, - OH, 18|
NOol i3k PAS] 2AEHNE HESHIL Al 7R A
gz 25 98 oA 248 YA PAY 2
Z o aRE Y 2T OE FE AMEEE ascorbic
acid 232} H| W3S o DPPH 2tz 47 &) A
PAE 1Cs507} 0.007 ug/mLE Lee 5°] 2113 ascorbic
acid2] ICsp&t<! 2.770 ug/mL¥} Hlwsle] =& ZAS
EFiQITE BFAE - OH &7 &o| @A PAS] ICse=
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PAE - OH &7 324 DPPHY &A 37} 532
gl O]Oi‘i}
13A= H97]50] gl 71#o= deA U
Izheimer's disease (AD), IZI<H, ohird AeE
17458 dghe] 7oA dFRkgo] 8% 28
tohe Aol g o). HE FAE)
Heo] AAA 75e T ABAE
A A S FE A7 obu Ml E(glial cell) 2 T4
Zdotn Az o= vl Alolnl M E(microglia), X
M| E(astrocyte), 3] AE7]oFnlA E(oligodendrocyte),
9l Al Z(ependymal cell), 2173 A E(schwann cell), 4!
Mol M E(satellite cell)’} EFHTE 7]& AT B
g2H C6 AAHAZE 12} vigE AT} EX
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barrier®] 7 FA N E FFAR A4S FpY, =gk
o}Fsk A}=roll :=2% " chemokine, cytokine, immune me-
diator, NOE #H|etal AEF AElol ©|2A st 417
=4S e A2, Bo] AAAEE LPS, IFN-y
2 A5 HH d5e Al iNose] Hd F7HE NO
Aol AFEo] S-S o, et c6 A1
olnAEE= AFEF A E5H7F ATl &8 &
o) B A M5 C6 217 oln A o Hy0,5 A ]38}
o 4Hed ~EG2E §FE% $ PAS B3 Z87|H
LPS, IFN-y W& glo] o3+ AAolwAMxE AFW-E
So] @& PAS] RE7]Ho thal Elstih Alx AY
o] AHE3 PA TEE o AFNE Bl N AER

(cell viability) & 37} 024 AE54& g1t 54
o] YeRA] & = B WA ¢ 3'3]'0113]'.

A= 4HAaE Avlske AR F Oy, HoO,, - OH
s}

§hgAdo] 2K AT AEWA - OH o) ¥HeAo]
2 ROSE WAAFE 442 51 DNA 48 Yo7
e AsA o, T

o
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