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Effects of Taro Extract on Brain Resilience in In Vitro Parkinson’s Disease Model Induced by
6-Hydroxydopamine

Cho, Hyeyoung - Kang, Kyoungah
Department of Nursing, Kunsan National University, Gunsan, Korea

Purpose: The purpose of this study was to investigate the effects of taro extract on brain resilience in in vitro Parkinson’s disease
model induced by 6-hydroxydopamine (6-OHDA). Methods: To induce a neuroinflammatory reaction and the in vitro Parkinson’s dis-
ease model, SH-SY5Y cells were stimulated with lipopolysaccharide (LPS) and 6-OHDA, respectively. After that, cells were treated with
at various concentrations (1, 5, and 10 mg/mL) of taro extract. Then nitric oxide (NO) production, inducible nitric oxide synthase
(iNOS), interleukin (IL)-6, synaptophysin (SYP) and growth associated protein (GAP)-43 messenger ribonucleic acid (mRNA) expres-
sion level were measured. Results: Taro extract significantly suppressed LPS-induced NO production. Meanwhile, iNOS and IL-6
mRNA expression decreased in a dose-dependent manner. In addition, taro increased the mRNA expression of SYP and GAP-43
mRNA. Conclusion: These findings indicate that taro played an important role in brain resilience by inhibiting neuronal cell death
and promoting neurite outgrowth, synaptogenesis, and neural plasticity. The results of this study suggest that taro may contribute to
the prevention of neurodegenerative disease and become a new and safe therapeutic strategy for Parkinson’s disease.
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7@,/\“/‘4 (synaptogenesis) X 4174 7} 7¥shiA
A7 3] 2 (neural circuit) & ATLETEZH = £AF o] A o] ALE|
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AU SR S - 01
T G, B4 2910 2 Q15 vl EREelo} 153
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clein®] -3 50 & Lupil/d A2 7 AFEE] 0] 27 (tremor), 7F
2)(rigidity), 524 (bradykinesia) 2} -2 2-54Fof] 9l HH|, -2,
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AR AgolcHer) Seltehs 18l 2177 37 Fatol me}
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E2HColocasiae sculenta, Taro)2 Z'd/J T (Araceae family)of] €3¢
=

L LA B (tuberous plants) 2 9, 7], ¥&7] 5 A B0 nE K
Hol 4873l whdo] o2y B RS 71A) tko| A 5|

>

‘Q_ [e}
8HE, T, Moot Al 71, Aol4f4 B kel CE

ol L, gl o] ol Aol B8t vie- Ft
[15,16]. E7H-E f-eufetol A de AufElo] FLYo] 4aL, vj-8=
i AA| = Aol A Theket e el AFskaL ol H
HEA2A] et Frial & 4= Qlok ok AETS A3
785 S (calcium oxalate) 0] =/ 280 & Q8f) -5, A1
24 50| Rakgo] W 4 lont At 221592 B
A 2 eHIS L B Rl B AL AR &
ARE R3S HoU E5], 4E 7o) = flavonoids, alkaloids, steroids, p

-sitosterol, tarin, lectin S} Zro] Ay E5H4 &AL 7H= A E 50| &+
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ok 7o g2 deA] Ql=d|[l6] Ao A B3] Bsitosterol>
AP A 2 -] A (blood-brain barrier) S E38t 4=
o} AlZerelata ol M-S AIskarHal
2 YR Egh Sul 255 W T4 5ol A4 7
ol FEE o) 35 7 mubuld AlA 2 APEAof o
S aW7E Qs A= YERH12,1819], HAZ2A7F 4178 A 22
oA o gl ‘]izﬂ o] & o Jle Ao = A7 A3
]

2 15} Hol A E (astrocyte) Z U] Ao} A 2 (microglia) 2} 22 Al
7oLl A E (neuroglia) 2] 2.0 2 0] A7 A2 (neuroinflamma-
tion) ¥1-3-0] Autehi= ¥ 117 P °“213H22 24 TS in vitro TR I
Dol A FAEA Yl Ejggo] APAI ] Al2£ A (cell body) =/l A
o] EPE R 4 E}sﬂ AR S Aehslal ZAke] RS &
X]’(T]—O §u1 A]ﬁ/\ﬂ % o7 05& 2~ oh;]._ 7]_ % ]
SFATHL3].

wheba], 2 ARl IZE 2l A7 oAl 22F(human neuro-
blastoma Olﬂi SaglA] AlZAE S0 Skl SH-SY5Y Aol 71
EPS el
S QU ¥ ERRSE L AX|5t] £ AAAZ
2 w5k by 8 A0 it
Syl A Eof Tt S A RIS 71 6 h
droxydopamine (6-OHDA)E *]2]5} in vitro TH71<~H HdlS &
T ENFEES AXste] A17E71/d% (neurite outgrowth),
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Fetal bovine serum (FBS), @A A (penicillin/streptomycin), Dulbec-
co’s modified Eagle medium (DMEM), Trypsin-EDTA (ethylenediami-
netetraacetic acid) 52| 3£ vjFE A|2FE-2 Life Technologies

(Grand Island, NY, USA)of| A SE48}H 0.1, in vitro Th715H 2l &
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=2 93} 6 OHDA 121 A EEA 2 g4 I 429 o3t

o=
LPS, crystal violet, formalin, chloroform, isopropanol, Tri-reagent
(Trizol) Sigma-Aldrich Corporation (St. Louis, USA)oJ| 4] 715}
A
2B Y S22
AR ARERt Evk2 7| oA ol e
Eko.= 2o S04 eI51] A8 3} oiek R B Ao] A
& 13em, 77 1 em 0] 3712 A83 &, 5 8d% oo Ext
Y = E-S A A0, o] 9 FA4)7](HR-2860, Philips Korea, Seoul,
Korea) & o]-&-s}o] s} slqict 23l Bt 30 gof distilled
water (D.W) 800 mL& 3 7}8}0% 40°Co)| A 24A)7t Z0F A& =531
o8 Apsigen g = 8
Fo 2] 40| 1 Wolzt &
:01 Uitk Aol A-g-g =5t
Wol| =0 1,5&10 mg/mL =

2 Zolsto] 43 AHg3HeIc
3. Mizfos
U ol AL SHVY AL BT 2

(Korean Cell Line Bank, Seoul, Korea)of|A] F-oFrto} A1
%01, 10% FBSL} 1% penicillin/streptomycin 100 unit/mL7} 271
DMEM B AF8-5}0] 5%C0,, 37°C 2715}l A] vijoks ol

ol 4185

4. M|Z/4Z8 9 Nitric Oxide (NO) A2k =
ETHO] SH-SY5Y Aj2zo]| gt A0 15317 13l crystal violet
assay S B-of| A LAY =SS I3tk SH-SY5Y Al ZE 24 well

plate®] Z+ well & 5x 1077} ¥ =5 -3=5}0] 24A|7F 59t uljok st
5 6-OHDA (100 uM)e} ESt3E 55 1,5& 10 mg/mL 5= 2 %2

3 03 24A17F B 27 HjoFsieick T wlopel e A sk
phosphate buffered saline (PBS)Z A2 3} tF-3- 10% formalin 8-S
2 A0 A 10827 THAIH O ThA] PBSZ A28 % 1% crystal
violet -§-H 0 2 A|EZZ 10427+ GASIRITE o1 F S/ G &
W3 A2 T 5715 ARAIZAT v 2 A zof] FAE crys-
tal violet2 33% acetic acid & AF-&-5}0] =21 5 8-21-8-96 well plate]]
7 microplate reader (Molecular Devices, CA, USA)E- ©]-8-5}¢ 595
nmoj| A S5 SAsFATE NO AT Nitrite assay kit (BioVi-
sion, CA, USA)& o]-8-3f] A 3£ uljoFol] U] ZA51= NO2| g% A
=91 NO & SA45}0] EAI5F4AT) SH-SY5Y A 3ZE- 24 well plate
of] 1x10° cells/well 9] ‘s-t= 2 B35 2 24| 7F vljoF st T v R & W
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2|31 PRS2 A 47t th FBSE 329814 Q= A2 A 2 gl
SHQITE 71 3 LPS (1 pg/m )9 ESFS2 22 w2 Ae|slo] 24
AZF 71 ujoFst ] AF2olS 1o B Aol 100 ulL9} assay A|2F
100 uL-2- =3} 96 well plateoi| A] 10 min 50+ HH--A]7] Th-2- mi-

croplate readerE- ©]-8-3f] 540 nmol A SFEE SHBIATE

Ol- o

5. Neurite outgrowth assay
SH-SY5Y A|3Zo]| 6-OHDAE A|2]st & EdhsSEof 95t A1
)4 %Aﬁﬂ§ﬁ°4ﬂﬁﬂ*ﬂiﬂ

a, sz AJoFo) A 507H OIAH SH-SY5Y AﬂiA A7E719] dol&
Z2J3E 3 OptiView 410 (KOREALABTECH, Seongnam, Gyeonggi-
o) 252 T91 o} 8310} B415ck

6. Reverse Transcription Polymerase Chain Reaction (RT-PCR)
Egto] A A =0 3t 7] 5L HZ3517] 98f inducible nitric
oxide synthase (iNOS)2} interleukin (IL)-62] messenger ribonucleic
acid (mRNA) ¥& A =& RT-PCR W o 2 EA519 ) SH-SY5Y
A|3EE- 24-well plate (1x 10° cells/well)ol] 358 & 24417 591 wljoF
SHoh-S e EeREE B3PS (1 pg/m)E BA] A2lehe] 244
ZHF71 iU o] 5 M5 75 PBSE A3 th5- Trizol:
gof 25 &A1 F7F8tod 13,000 rpmof| A 15
B2 24 ejelol AHEoNg iglon] ol % AENTHEO) -
propanolS 412 3 4°Coj| 4] 158-7F HHAZ] 3 total RNAS £
SFATE £t Total RNAE: oligo (dT) 18 Primer, deoxynudleotide tri-
phosphate (ANTP) 0.5 uM, 1 unit ribonuclease (RNase) inhibitor ~12]

5 chloroform<&

l‘

37 Superscript T reverse transcriptase” | 2281l AccuPower® RT-PCR
PreMix kit(Bioneer, Daejeon, Korea) S ©]-8-5}¢] 42°Coll A 60 min, Z1
2|3l 94°Cof| 4] 5871 9h-§51] 1 pg®] complementary deoxyribonu-
cleic acid (<DNA)Z- gHJ5}5ck gHAJ = cDNAL}FINOS, 1L-6 2 beta-
actin (B-actin) primer AccuPower™ RT-PCR PreMix kitof] &35}
A|lzAre] Z|7]of| whet 94°Cell A 302, 58°Coll 4] 30%, 72°Cof|l A 14
o] 2702 F 35 cyclesz Thermal Block (AllinOneCycler, Bioneer,
Daejeon, Korea)2 0]-8-5}0f RT-PCR 48§51} PCRO] 2J8f] A3
A2 1.2% agarose gelol| Al K715 AIA|819% 2 Neogreen
(CELLGENTEK, Cheongju, Korea) .= G135} & Geldoc (FluoroBox,
CELLGENTEK, Cheongju, Korea)& 0|83}l bandS 1519t} 2}
mRNA band®] Z}of| tfgt HeF4 v|nE 9810 housekeeping -
ZA2FQ] p-actin © 2 FF3}5}9] 0.1 F-Aof] AR 7422 primer
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7} Table 19] LhERRSICE

7.Real Time PCR

Egko] AR A 7ha el iRt 7s = A ]
3f| synaptophysin (SYP)3} growth associated protein (GAP)-439]
mRNA & A EE real time PCR 0 &2 B A5} SH-SY5Y
AN|2EE- 6-well plate (3x 10* cells/well)of] F23F T 24 4|7} 591 wijoF
o th sl EUSEE76-OHDA (100 uM)E B4 223 3
UM 71 FSIAT o] 5 M| ZE 7% PBSE AARE % Trizol
£ 0|85} total RNAS 2|5kt £-2]31 Total RNAZFE] Ac-
cuPower®™ RT-PCR PreMix kit 0]-8-5F0] A|2AR2] 2| &of whe} 1 g
2] (DNAE A3tk /3% cDNA, SYBR Green Supermix (Bio-
rad, CA USA), Z}Z}9] sense, antisense primer (Bioneer, Daejeon, Korea)

5 E3sto] 95°Coll A 1023 REG-AIZ] - 95°Coil A 302, 58°Cofl Al

Table 1. The Sequence of Primers used in the PCR

Gene Primer sequences (5" —3")

iINOS CGGTGCTGTATTTCCTTACGAGGCGAAGAAGG (sense)
GGTGCTGTCTGTTAGGAGGTCAAGTAAAGGGC (anti-sense)

IL-6 GIGTTGCCTGCTGCCTTCCCTG (sense)
CTCTAGGTATACCTCAAACTCCAA (anti-sense)

SYP CTTCCTGCAGAACAAGTACC (sense)

CTTAAACACGAACCACAGGT (anti-sense)

GAP-43 TAAAGCTCATAAGGCCGCAA (sense)
ATCACCCTCCCCCTTCTTCT (anti-sense)
B-actin GGATTCCTATGTGGGCGACGA (sense)

CGCTCGGTGAGGATCTTCATG (anti-sense)

PCR=Polymerase chain reaction; iINOS =Inducible nitric oxide synthase; IL-
6= Interleukin-6; SYP = Synaptophysin; GAP-43 = Growth associated protein-43;
B-actin = beta-actin.

120
EL ]
=)
E -
E\ K
E
]
>
6-OHDA (100 uM) - + T + n
Taro (mg/mL) - - 1 5 10 @

3020] 20 = 40 cycles2 real time PCR (CFX 96 Real-Time PCR
Detection System, Bio-Rad, CA, USA)S X183}t F-Z0] o]0
T3} Ct (threshold cycle) ZH& 71522 standard curve S Z12A]
AeF5lo13 o™ SYP& GAP-438] mRNA Ct £F2 -actin mRNA Ct
gro.2 MABIICk B H0] L8 21249 primer 971A19E Table

1] LFERL T

HLE 21510 35] o] A HEEL 235191 o 2T} SPSSWIN 230 I
271918 o) Gelo] Wta} BEWAS Alalol T e
oIt} T3k 7 Mg Kruskal WallisS A28} B 22~ A4S 519
O AR H7d2- Mann-Whitney U test with bonferroni correction&- ©|

SoFATk Be SAT ol a2 p< 050l ST

Of

A+ 2

1. 6-OHDA MIZZof| Chigt E2tx2-20| MZ EZ 2 NO
Aol 0jz)= g

A= & AP ol HZAEE
=

Kol LFERIA] 919F0Rl(¢=2795, p 001 S 40 2 §.J3}
Al M2E AE-E-0] F7F8FTH], 5& 10 mg/mL, U= 0.00, p<.01)(Fig-
ure 1A). I LPSE =¥l NO A& S 23 B 552
Aelatgls wf LPS T Z2wtof] Blsf BE Fofl A NO Aol
ZH2519. 022611, p<.001), 1 mg (U=000, p=.015), 5&10 mg/
mL (U=0.00, p=.003) 27} 5= 0]E2 0 2= NOA/Jo| F-2ofsHA|

481 tHFigure 1B).
+ + +

Nitric oxide (UM)
3

|

0
LPS (1 pg/mL) +
Taro (mg/mL) - 1 5 10 @

Figure 1. Effect of taro extract on 6-OHDA-induced cell viability (1-A) and LPS-induced nitric oxide (1-B) in SH-SY5Y cell. There was no cytotoxicity
on SH-SY5Y cell with taro extract up to 10 mg/mL. Taro extract significantly reduced the LPS-stimulated nitrite production compared with LPS
alone treated group in a dose-dependent manner. *p < .05, **p <.01 compared to 6-OHDA & LPS stimulation. 6-OHDA = 6-hydroxydopamine;
LPS = Lipopolysaccharides.
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EO| MAME BT 2t 227
2. E2ZE 20| MAES L MZEAIE 2 2 mRNA g&iof| 3. BTt 2SS9 UES7| dE0| D|=|= JE
0|z st 6-OHDAZ =4 in vitro TF71<H dlofA EgtE50 9

B‘é 1=
LPSE SH-SY5Y All2ze]] Aefsto] f5RM3-2 FHeh S iNOSeE  3F417E7] 4370 eSS eR1gk A3t 6-OHDAE = A|2|3t
IL-6 mRNA &2 2151 GIrkFigure 2A). 1L AW ERtEE52 o] |8 ERtEEE-2 A2l e wHollA AdE7] 44 4 5
E o] A iNOS (¢ =20.66, p< 001)2F1L-6 (¢ =26.12, p<.001) ¥ X|ELo}o] AZA0] Z7}al= FAFS BITH(Figure 3A). TEE SH-
mRNA 9H& 7HAA)7)E= 202 Yelton LPSE ThEAeE]dt  SYSY M A1 E719] ZolE SA3 ATk (y*=27.21, p<.001),
ol B3} RE oA EAH 0.2 §0J5hA INOSPHIL-6mRNA  6-OHDAS THE Hjejgt ol ujs) e B3 E5 oA A1
MRS ooz 210 2 UERITHL 5& 10 mgimL, U=000,p= 004 £7]9] Zo]7} A4 0 2 fefsh Z7lel Ao2 vheptrt

i

(Figure 2B, C). (U=0.00, p= .004)(Figure 3B).
LPS (1 pg/mb)
Taro (mg/mL) - - 1 5 10

25 1 16
— 20 t
2 5 12 F
< 15 - £
g N i € o8 |
© i) g
< 10 | g »x
8 @ R %
- L
0 0 l
LPS(Tpg/mb) - + + + + LPS(1pg/mL) - + + + 4
Taro (mg/mL) - - 1 5 10 @ Taro (mg/mL) - - 1 5 10 @

Figure 2. Effect of taro extract on LPS-induced mRNA expression in SH-SY5Y cell. The iNOS and IL-6 mRNA expressions were analyzed by RT-PCR (2-
A). All gene expressions were normalized using -actin as a reference gene. The iNOS (2-B) and IL-6 (2-C) mRNA expressions were significantly de-
creased in taro extract treated group compared with LPS treated group. **p <.01 compared to LPS stimulation. LPS = Lipopolysaccharides;
iNOS = Inducible nitric oxide synthase; IL-6 = Interleukin-6; B-actin = beta-actin; RT-PCR = Reverse transcription polymerase chain reaction.

120
==
g £
= 0 r
i %
]
2 60
o
@
27 ' I
[}
=
0
6-OHDA (100 uM) - + + + +

@ Taro (mg/mL) - - 1 5 10 @

Figure 3. Neurite outgrowth & neuronal differentiation were visualized under x 200 magnifications. Taro stimulated neurite outgrowth in SH-SY5Y
cell (3-A). The length of dendrites of SH-SY5Y cell was significantly increased in taro extract treated group compared with 6-OHDA alone treated
group in a dose-dependent manner (3-B). 6-OHDA = 6-hydroxydopamine. *p < .05, **p < .01 compared to 6-OHDA stimulation.
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228 Zo|F - 380t
6-OHDA (100 uM)
Taro (mg/mL) - - 1 5 10
. —
12 .-
. _
3 09 S 12
§ = L@: 4
c o
£ 06 g 09
ﬂe 7
< < 06
& 03 Al
- < 03
0 0
6-OHDA (100 uM) - + + + + 6-OHDA (100 uM) - +
Taro(mg/mL) - - 1 5 10 @ Taro (mg/mlL) - - 1 5 10 @

Figure 4. Effect of taro extract on SYP and GAP-43 mRNA expression in SH-SY5Y cell. The SYP and GAP-43 mRNA expression were analyzed by real
time PCR (4-A). All gene expressions were normalized using -actin as a reference gene. The SYP mRNA expression were significantly increased in
all taro extract treated groups except 1mg/ml, compared with 6-OHDA alone treated group (4-B). Meanwhile, GAP-43 mRNA expression were sig-
nificantly increased in taro extract treated group compared with 6-OHDA alone treated group in a dose-dependent manner (4-C). *p <.05,
**p<.01 compared to 6-OHDA stimulation. 6-OHDA = 6-hydroxydopamine; GAP-43 = Growth associated protein-43; SYP = Synaptophysin;

B-actin = beta-actin; PCR = Polymerase chain reaction.

4, E2H2E 20| NZUHAATE 17 7hAA B2 mRNA 2]
ol3l %8

B2l 3 50) AT 417
517] 9J3l SYPLF GAP-43 mRNA ¥&-S- real time PCRE &0
E]—(Flgure 4A). AAAM O] AJHA FEA]ZFO] SYP mRNA 1
3 ATk =16.11, p=003), 6-OHDAZ TH= 22|35t o] 18] 5
10 mg/mL FE=of| A SA1 2|0 2 F-2J51A] mRNA 2io] S7fs}
THU=4.00, p=025)(Figure 4B). $FH, S22k} Aol Thojs}
GAP-43 mRNA 9818 8Lel3t k2 =25.36, p< 001), 6-OHDA

= A2t whof vlsl K= ESEE FE=0A(U=0.00,
p=004) mRNAL] W&o| F-oJs1A T7F6l P2 Eelsk3ith(Fig-
ure 4C).
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o] S7Istom Egke] Ax| = Qle o] 5 Walo] Pt Aoz
Ehgtch AT LPS 245 A A AokmAl £ 25
E] iNOS, IL-1, IL-6, IL-8 & tumor necrosis factor (TNF)2} 22 pro-
inflammatory AFO|E7}O10] AYAFS S Eofo] = dl U

20| HFS sl o ¥ A EAAAITAL SHITH?)
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4] INOS7H B A(Npoel A AT 210 2 LieLt kgl A1
) H0] N0} 0] il 9488 4451,
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2 [L-6 mRNA &0 ESEEE-S 223t oA=& 7]
© 7 7hashe Ao 2 el Edho] NO AlA @ Al uk-Sof
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