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Protective effects of Jinnoe-san, a novel herbal formula in experimental
in vitro models of Parkinson’s disease

Sangtae Han', Ji Cheon Jeong®

'(Brain) Donguibogam Korean Medicine, “Department of Korean Internal

Medicine, College of Korean Medicine, Dongguk University

ABSTRACT

Objectives : Jinnoe-san (JNS) is a novel herbal formula consisting of five oriental medicinal herbs including
Polygalae Radix, Prunellae Spica, Perillae Herba, Betulae Cortex, and Lonicerae Flos. In this study, we
investigated the effects and molecular mechanism of JNS on Parkinson’s disease in vitro model.

Methods : The effects of JNS on 1-methyl-4-phenylpyridinium (MPP*)-induced cell death in SH-SY5Y cells were
evaluated with a cell viability assay, flow cytometry, and western blots analysis. The effects of JNS on
lipopolysaccharide (LPS)-stimulated BV2 microglia were determined with a nitric oxide (NO) assay, enzyme linked
immunosorbent assays, and western blots analysis.

Result : MPP*-induced cell death in SH-SY5Y cells was significantly reduced by JNS pre-treatment in a
dose-dependent manner. JNS inhibited the production of reactive oxygen species, mitochondria dysfunction, and
apoptosis induced by MPP* in SH-SY5Y cells. Furthermore, JNS significantly activated Akt and ERK in SH-SY5Y
cells and the ability of JNS to prevent mitochondria dysfunction by MPP* was antagonized by pre-treatment of
LY294002 and PD98059, an Akt and ERK inhibitor, respectively. In addition, JNS inhibited LPS-induced NO and
PGE; production as well as iINOS expression and secretion of TNF-a, pro-inflammatory cytokines without affecting
the cell viability. JNS also suppressed LPS-induced ERK activation.

Conclusions : These results demonstrate that JNS has a protective effect on the dopaminergic neurons against
MPP*-induced neurotoxicity and anti-inflammatory effect on the LPS-stimulated microglia. These findings provide
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evidences for JNS to be considered as a new prescription for treating Parkinson’s disease.

Key words : Parkinson’s disease, Jinnoe-san, apoptosis, dopaminergic neurons, microglia, anti-inflammation
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1. A%

Anti—poly (ADP-ribose) polymerase (PARP), anti—
caspase—3 % anti—Bcl2 A= Cell
Technology (Beverly, MA, USA)°lA
anti—COX—2, anti—iNOS, anti—3—actin &),

peroxidase—conjugated goat

Signaling
ekl
horseradish
1gG,
horseradish peroxidase—conjugated goat anti—rabbit
IgG= Santa (Santa Cruz,
CA, USA)elA Fiste] ARgsiieh. L 9] LPS
(E.coli 055:B5), Griess reagent, 3—(4,5—dimethyl—
2—thiazolyl)—2,5—diphenyl—2H—tetrazolium
bromide (MTT), MPP*, 2'7'—dichlorofluorescein
diacetate (H:DCF—DA), rhodamine123 (Rh123) &
T2 AJ2E=-2 Sigma—Aldrich (St. Louis, MO, USA)el
A A8k

2. A=t 25289 A=

anti—mouse

Cruz Biotechnology

Table 1. Prescription of Jinnoe—san.
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Hoodto] ALgw 5uki(Polygalae Radix), Effi#H
(Prunellae Spica), ##%%(Perillae Herba), FiEfz
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International Ltd., Maidstone, England)® F ¥ o
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EYELA, Tokyo, Japan)& ©|-&3}o] #%3}al,
Ax7](freeze dryer, EYELA)Z &4A73x3}¢]
sletlth. FEES F&2 14.3%%2H,
o+ FFH5l 100 mg/mle] FE=2 =°]i, Minisart®
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Herbal Latin Name Scientific name (Family name) Ratio Dosage

Name (2)

i Polygalae Radix Polygala tenuifolia Willdenow (Polygalaceae) 8 23

R Prunellae Spica Pueraria lobata Ohwi (Leguminosae) 8 23

ES Perillae Herba Perilla frutescens var. acuta Kudo (Labiatae) 7 20

gt Betulae Cortex é?géflljafitey)pbylla Suk. var. japonica Hara 7 20

ERAE Lonicerae Flos Lonicera japonica Thunberg (Caprifoliaceae) 6 17

Total amount 103

2. AZ W% 3. AX BEE 53

Ao ARSI ANAAETA SH-SY5Y Al ik FE28 A7 AEZAEE vX = dd
= AAEZF2Y(KCLB, Seoul, Korea)ollA 4 MPP* Hzloll w2 ME &4 Raams el
SR, AF NMALWANETRQ BV2 MEE A kel MTT assayE ©]-&33lt) ol& $lgte] A=
B}l /]JJrEHUP Rt oA Bofutol ALY O HjokE 96 well plateo] 3 AEZS 6x10° cells/well
o, AL WS 93] 10% o8 % (fetal bovine WAL 24413 b bASIAIY] F v 5%

serum, FBS, WELGENE, Daegu, Korea) % 1%
penicillin/streptomycin®] 3% Dulbecco's Modified
Eagle's Medium (DMEM, WELGENE) ®jA]S A}-&

sko], 37°C, 5% CO, %71 sloll A wjkslgict.
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Austria GmbH, Grodig, Austria)® 540 nmollA

FHEE SAHIU.
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AL TAL 1843 WS o F vl
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Griess €M(1% sulfanilamide, 0.1% N—(1—naphthyl)—
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%, GENios—basic microplate reader (Tecan
Austria GmbH)E ©]&3}o] 540 nmolA FF=E

=43,

7. 42U Y9EZAY(Enzyme Linked Immunosorbent
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T2 1AIZHEE AEd ) LPS 500 ng/mlE A
A A7l ske] 18417 w3ttt G

o5
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A EE sk 100 w¥ HEF ohs,
PGE, parameter assay kit (R&D Systems, Minneapolis,
MN, USA)$®} TNF—a ELISA kits (Ab Frontier,
Seoul, Korea)& ©]&38tod PGE,9} TNF—a9 %4&
=435}
8. @izl Bg] A7]9% 2 western blot analysis
oz by HEFS flske] FHlE AR AR
9] RIPA buffer (Thermo Scientific, Rockford, IL,
USA)E H7lsle] %83 14)7](Sonic & Materials
Inc., Newtown, CT, USA)Z AIXE A F,
13,000 rpm & 3087 YaEgslo] AdZde 9= o
WAs FEsgivh. gwAe] sEE
acid (BCA) protein assay kit (Thermo Scientific)
o] 83ty A= S, Laemmli sample buffer
(Bio—Rad, Hercules, CA, USA)e} &3slo], 53]
whlAS- sodium dodecyl sulphfate (SDS)—polyacrylamide
geldlAdl A7195S AAsSIGT 28d dWds
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Billerica, MA, USA)°o = ZoJAlZl s, 5% skim
milkE 1AIZF A gste] v]5o]Zl did S g
blockingg AA|5Ith. PARP, caspase—3, Bcl2,
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E (one way analysis of variance,
ANOVA)S AAE § p < 0.05 FFolA Tukey's

multiple comparison testE AA|sIt EE E7

A=)
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298 GraphPad Prism software (GraphPad Software
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. A7 @ A% 1 mMe] MPP*E A2)d vz Hasd
S W, AN FERY ANEE FE EHom
A 2zE AEAEE] TreHE Ae & & AN Figure 2)
A, WA
Ay

A AAMTT 24

1. SH-SY5Y 4|29 A& n]e A
SH-SY5YolM AERE &% ATE
A
=

S =48 ®Aqr}. Figure 1
(e}

o] g
o] & H9
zgo =
ab FEES 0500 ug/ml
S W, SH-SY5Y Alxe A&
01041;]_.

A 258
< o] &3t Mx AE
oA Yehfle= ule} o], Zwit
TEE AYAE
o= FFs WXA e S G = AN
Figure 2. Effects of JNS extract against MPP*
induced neurotoxicity in SH—SY5Y cells
SH—SY5Y cells were treated with JNS
(10, 50, 100 pg/ml) in the absence or
presence of 1 mM MPP* for 24 h. The
viability was measured using an
. control,
N

cell

MTT assay. (Significant vs
< 0.001; significant vs. MPP* treatment
#+p < (0.01 and **#p < 0.001)

14 F

4 nEZE=gol 75 &4 A
¥ Hsaart ksl ~E
71 98] SH-SY5Y

He

Lo],}i o] 5]

DCFH7} 24342
= d¢

o
X
o

3. SH-SY5Y A ¥4 MPP'Z fX=d ROS A4

B 9%

Figure 1. Effects of JNS extract on SH—SY5Y
cell viability. Cells were treated with
various concentrations of JNS extract
(10, 50, 100, 300, or 500 pg/ml) for
24 h. Cell viability was determined by
MTT assay. Values were expressed as 75_}4)‘\_} 9]
percentages of the non—treated control. g o ﬂ I ol#] o}
M| N A JAF ALE
o ]z &5}5401 #4S == DCFE Aghy =
£ o]&3te flow cytometry® FH3IGch 1 &
3}, 1 mMe] MPP* ]g]& ROSY AAle] AA3] %
7k vk A=A 100 ug/mls X3k A= MPP*
2 fFE¥E ROS A4S JAlsteE o2 e

(Figure 3)

]
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2. SH-SY5Y A¥EoA =4t 58 MPP* w7l
ARZ] BEa3}
MPP* 1 mM=z $%® AE=EAgozie Auit
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o AAEsta, 1 mMel MPPTE A
MTT B4%oz 3lslr), =4
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Figure 3. Effect of JNS extract on MPP*—induced ROS generation in SH—SY5Y cells. Cells were
pretreated with 100 pg/ml JNS for 1 h and then stimulated with or without 1 mM MPP™*
for 24 h. After staining with 5 uM H,DCF—DA, ROS production was monitored by measuring
intensity of DCF fluorescence in cells using a flow cytometer. (Significant vs. control,
###5 < 0.001; significant vs. MPP™ treatment, **xp < 0.001)

ANAAE BEazs) 4k
2 P U EZE ol s &4 W
Adto] A Lolr 7] 3] SH-SY5Y Aol
nEZCgole] ] W3S flow cytometry®

1 mMe] MPP" 2|7 controli

¥

of na| g FE=rt AASHA Haste] MEIZE

gole] 7)%5o] &4 AE7} 38.93%% WEEJS
, Hu2H100 pg/ml) AAHL]T2 16.5%5 YER
w MPP* A g<tel s o] w7t FAAoR
o354 Z7F8FthH(Figure 4). °o)l& JYAE 55
o] MPP*® 913 unEZc=glo} 7|5 &40
SH-SY5Y AlZ£Z B3E3tE A4S yehi

I+
(A) = Con = mMPP (B) 2 Multi-sample: P1
: W Con
p 1 mmees
1 | W MPPHUNS
84 81 = | EJns
=
= = 4
2] 2 ] =
< eazosa) < lp2c03%) s |
24 g4 -
B - g 4 I[ r.'
] i
1 !
S EN—— —f
10% 1 10° 107 10* 10° 1 o 1
FITC- FITC-H =] o e
10° 10%
JNS MPP* /[ JNS
5 8 (C) &0
—_
] 52
| ] < 404 REH
£ g1 2
z | 2 S 30
< lpaz22%) “  |r206.50 %) 2 20
2 g — - = i
é 10-
o
o ol = e
e 10t 10 10% 104 0% 0-
FITC-H FITC-H Con = JNS JNS
MPP" (1 mM)

Figure 4. Effect of JNS extract on the MPP*—induced mitochondrial dysfunction in SH—SY5Y cells.
Cells were pretreated with 100 pug/ml JNS for 1 h and then stimulated with or without 1 mM
MPP* for 24 h. After staining with Rh123, cells were subjected on flow cytometer.
(Significant vs. control, **#p < 0.001; significant vs. MPP" treatment, *+*p < 0.001)
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4. SH-SY5Y A|EH MPP*Z #X=¥ apoptosis®l
HAE AHL FE2EY 9F
SH-SY5Y Alxo] MPP'E AZJslsle o, 4hshs] =
Eg 2ol 93 nEEZ=golhlTe] complex 1 7]%
a2 Qe apoptosisE et &eiA Yt
I mebd Axak (100 pg/ml)e] A2z MPPY
2 f2E apoptosisE JASH=A] apoptosise} A3
% @zl PARP, caspase—3 % Bel2E
blot& &3l

western

sl dn}. Controlitd} B3-S o)

7l
2
i3

JNS (100 pg/ml)
PARP

cleaved PARP
Caspase-3
cleaved caspase-3
Bcl-2

p-actin

Figure 5. Effect of JNS on apoptosis in SH—SY5Y cells.
in cells treated with 100 upg/ml JNS

was assayed by western blot
presence of 1mM MPP* for 24 h.

5. SH-SY5Y M ¥4 Akt$} ERK AZFAZAY 7
2o ul e AHN FE2E9 %
A=} F2E AA5Y 2s a7 7|
7] $l8te] Al *3%% Sk 2l
9} ERK AlZ7H2ZE western blotS E3te] &2l
®Woktl SH-SY5Y Al 100 pg/ml
o X 12A1774A] Al zhel] mpt A 2
52 Akte] 94kEU 10EH-H %
FH o] W] 2ok F, *W]
A AAETE Al FAEHE 2
(Figure 6A). ERK?] <lxks}l HA] =
Ao o8] 108FE =59 30%A 3
AsHA A= EE 6A17F F5H A 48] 7FAsksith
(Figure 6A). T2 % SH-SY5Y celld] 100 ug/ml
AxAre A3 3, MPP7F AW §ls A

F}i =, ‘m‘

R
hy

MPP*E A3t 749 PARP$} caspase—39] proform
band7} #A3] Fo]EUaL, Bel2 band %Al 2w
Ao Hol apoptosis7h AAH A & F AU
I“/]r(Figure 5). WkA WA 100 pg/ml AR F

=3 ﬂﬂo}oﬂo ], PARP, caspase—3 % Bcl2

E—Cr g o] 7HAE A &Il controld ¥ FAFSHAl %
g wEl e wg 1ZHFlgure 5). WA, AN FEE
o] HAgl:= MPP'®E ¥ apoptosisEH-E AE
B3 a3 IS skt
MPP*
i S +
e s,
—
L — —
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The expression of apoptosis—related proteins
in the absence or

A olxksleEl Hejo] Akt EYAS A H T Figure
6Bol A HolFe upel o], 1 mMe MPPYE A g

Akt 9] OJ*JE}{— XA AL, Fwitke
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(A) JNS (100 pg/mi) (C)
Time() O 100 30 1 3 6 12 i
D'Akt‘ ‘_'_"'—""_"'—'_-| gq,u.
=
Al | | 3 3
o
S 20
p-ERK‘ E——— ;:| z
- 10 A
ERK | e S D S S . | <
JNS
(B) — -
— LY294002
INS (100 pgiml) - = # + -
pAK |emw - -]

Figure 6. Effect of JNS on the Akt and ERK signaling in SH—SY5Y cells. (A) The

Akt ‘----‘

B-actin ‘ —

expressions of Akt

were assessed by western blotting in SH—SY5Y cells pretreated with 100 yg/ml JNS for 1 h
and then treated with 1mM MPP* for 24 h. (B) Akt and ERK activation by JNS. SH-SY5Y
cells were treated with 100 pg/ml JNS for the indicated times. The protein levels of Akt
and ERK and their phosphorylated forms were analyzed by western blot. (C) Role of Akt
and ERK activation by JNS in mitochondrial function. After LY294002 and PD98059
pretreatment (10 uM, 1 h), cells were incubated with JNS for 1 h, and then treated with
1mM MPP* for 24 h. (s#xp < 0.001)

6. BV2 AF "AolnME AEE HAE I ul, BV2 AF wAolawAEe] AE AEFE JF
TEES 9Y g uAA Wt Ag SR 4 AN Figure
et FE=o]l BV2 A viAlotmA o] S 7). Wb, 5 Ao Auar 222 A a)

FFE VA=A Lotry] fs) MTT 24He o€ = A3 500 pgml BEAA Awse oz 4w

e} A AEEE ST 1 A3k QWA £ & APk

ZES 0~500 ug/ml ¥Eo Hom A4S

Figure 7. Effects

concentrations of JNS (50, 100, 300, or 500 pg/ml) for 24 h. Cell

of JNS extract on BVZ2 microglia viability. Cells were treated with various

viability was determined

by an MTT assay. Values were expressed as percentages of the non—treated control.
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7. BV2 AH uAHolmAENA NO A3} iNOS 2
COX-29] 2dd) plxE& w4t
wAloFalA| | A F Ak %%%g] -zg

B7retz] 918, WA LPSel H

A &4l NOS A3} iNOS

dES v A=A ol BV2 A LPSO] A

B NOOl ARE dAE FHIZo, Mk

AAgE 300 2 500 pg/mle] XA NO AAS

Fo8tA A A A (Figure 8A) NO2 AL &
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Figure 8. Effect of JNS extract on NO production and expression of INOS and COX—2 in LPS—stimulated
BV2 microglia. BV2 cells were pretreated with JNS (50, 100, 300, or 500 pg/ml) for 1 h
and then treated with LPS (500 ng/ml) for 18 h. (A) The NO production were measured
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Figure 9. Effects of JNS on the production of PGE; (A) and TNF—-a (B) in LPS-—stimulated BV2
microglia. The cells were stimulated with 500 ng/ml LPS, in the absence or presence of
various concentrations (50, 100, 300, or 500 pg/ml) of JNS for 18 h. (Significant vs.
control, ##*#p < 0.001; significant vs. LPS treatment, **p < 0.01 and #*#xp < 0.001)
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Figure 10. Effects of JNS on the MAPK

signaling pathway activation

in LPS—stimulated BV2

microglia. The activation of the ERK, JNK, and p38 MAPK was assessed by western blots.
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