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Anti—parkinsonian effect of Cyperi Rhizoma via inhibition of neuroinflammatory action
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ABSTRACT

Objectives : The aim of this study was to investigate the neuroprotective effects and mechanisms of Cyperi
Rhizoma extracts (CRE) using in vitro and in vivo models of Parkinson's disease (PD).

Methods : We evaluated the neuroprotective effect of CRE against 1-methyl—4—phenylpyridinium (MPP+) toxicity
using tyrosine hydroxylase immunohistochemistry (IHC) in primary rat mesencephalic dopaminergic neurons, In
addition, the effect of CRE was evaluated in mice PD model induced by 1-methyl—4—phenyl—1,2,3, 6—tetrahydropyridine
(MPTP). For evaluations, C57bl/6 mice were orally treated with CRE 50 mg/kg for 5 days and were injected
intraperitoneally with MPTP (20 mg/kg) at 2 h intervals on the last day. To identify the CRE affects on
MPTP—induced neuronal loss of dopaminergic neurons in substantia nigra pars compacta (SNpc) and striatum of
mice, the behavioral tests and IHC analysis were carried out. Also, we conducted nitric oxide (NO) and tumor
necrosis factor—alpha (TNF—a ) assay in dopaminergic neurons and IHC using glial markers in SNpc of mice to
assess the anti—inflammation effects,

Results : In primary mesencephalic culture system, CRE protected dopaminergic cells against 10 uM MPP+—induced
toxicity at 0.2 and 1.0 ug/mL. In the behavior tests, CRE treated group showed improved motor deteriorations
than those in the MPTP only treated group. CRE significantly protected striatal dopaminergic damage from
MPTP—induced neurotoxicity in mice, Moreover, CRE inhibited productions of NO and TNF-« in dopaminergic
culture system and activation of astrocyte and microglia in SNpc of the mice,

Conclusion : We concluded that CRE shows anti—parkinsonian effect by protecting dopaminergic neurons against
MPP+/MPTP toxicities through anti—inflammatory actions.
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E%(Huntington's disease) 5o o[l 3iF== Hrirlz]e]
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SOl AR get, &3] 448 aglojy FH 4=
e AFEAro] dojud AHAS AZEQ] A ot Alx
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1. A=
1) 2kxH
E AYA AR FF-(Cyperi Rhizoma)v= F=FY

AHSeoul,  Korea)olAl  Fdstty,  FtfE  gas
chromatography/mass spectrometryS ©|-83}% cyperene
0.49 mg/g, B —selinene 0.65 mg/g, a —cyperone 2.26
mg/go 2 ®EZ3t stk AL AAR & 1099 FF
£ 7hsle] 247 B ERFESE & o3 (Whatman
No. 2)3tgch oTHe —60 ¢ o3t A8 TAAX 3}
FI(FDU-550R: Eyela Co, Japan), Z2AZ $9] 58
2 9.19 %%}, —20 Tol EH & o AF A Lo Ho
Ag-StaT,

2) Alef

Minimum essential medium(MEM)-& Gibco Industries
Inc.(Auckland, NZ)oJA  F3s}93L, fetal bovine
serum(FBS)-& Hyclone(Auckland, New Zealnad)olA +¢
st ARESEITE MPP+,
poly—L—Lysine(PLL), paraformaldehyde(PFA), glycerin,
MPTP, 3,3—diaminobenzidine(DAB), phosphate buffer(PB),
phosphate buffered saline(PBS), ethylene glycol, Triton
X—100, dimethyl sulfoxide(DMSO), phosphoric acid,
naphthylethylene diamide, sulfanilamide, sodium nitrite
52  Sigma—Aldrich(St. Louis, USA)ol|A Fdstch
Biotinylated anti—rabbit antibody, ABC standard kit %
L Vector(Burlingame, USA)o|A TtY3FRL, rat TNF—«a
kit: invitrogen(Carlsbad, USA)o|A F+I8F93L, tyrosine
hydroxylase(TH)—rabbit in goat primary antibody,

Glutamine, glucose,

macrophage—1 antigen integrin alpha M(Mac—1)—rat in
goat primary antibody, glial fibrillary acidic
protein(GFAP)—rabbit in goat primary antibody=
Merck Millipore(Billerica, USA)olA FU3dlct Ao
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1) EfOISY| =miol Mz HiF L MPP+ SA X{2|

Sprague—Dawley rat 14 ¥ Ejo}= Orient Bio(Osan,
Korea)ollAl 48ttt Hobsy 2&& 95 folA Hhe
3to] 10 % FBSE Z33t MEMe| 2& 3 wolslg o|-&a}
o 7|AF L2 dissociationdtHtt. PLLZ njg] ZE3 AW
Zeto|Ee] 1,0x10°/well2 seedingd ¥ 37 ColA 5 &
< SAAFHY, S PBSO| £3iA1Z1 CREE 0.2, 1.0
ug/mLeZ 1 A)ZE HEg & MPP+ 10 uM= A 2jste] 23
Azt o Higsidoh d9xAEEkE fste] AnEEol=
o Q= AZE 4 % PFAR 30 & 124s4th

2) NO &3

NO9| =t v o] NO E=E griess reagentS
o|-gste] ZAstgTt. Hokgd =uiwl Ao o 7]&d
wol 2ol CRESH 54 A2l & wiorolel Aol sldatel
AHAM 100 upLel griess reagent 100 uLE H¥Hg AlA
spectrophotometer(Versamax microplatereader; Molecular
Device, Sunnyvale, USA)Z 540 nmo|A &Z=& =43}
%ot Sodium nitrite® o]€d EEZAS 18 NO =2
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Hokgy] Tuiyl Az o) 7]&gt uiel Zo] CRES =
4 Az W) Agele Bsld TNF-o ELISA
kit o[g5to] tlirelol we TNF- o g ZHsic,
TNF—a antibody”} T8 welloll Standard Diluent Buffer
100 uLE zero standard wellso] ¥2 &, standard 100
S sEEE 345t welld] £k, AFHS 100 uL
EotTh A4 2 A7 TEAIZ] H, 4 3] AFHEH
. Biotinylated anti—TNF—a Biotin Conjugate solution
Z} welle]] 100 LA 5313l A2A 1 Az %x] g
gEgdoz AMAZ th2 Streptavidin—HRP Working
Solutiong 100 uLA Bk A2oA 30 2+ WX|g &
4 3] NA3I¥TE 1 & Stabilized Chromogeng 100 uLA
EFsHatt. 30 B7F ehaollA WAEE & Stop Solution
100 uLA EF3 thE 450 nmollA] spectrophotometer®
EIA=E &Y. &AL 4-parameter algorithmz
AA¥eIETE, 4—parameter algorithm2 UHtd oz faF—up
5 IA 22 AE ARY I4 g9 4o ARgEH o
L 4-—parameter algorithm®  ®WAAlo|tt F(x) =
(A-D)/(1+(x/O)")) +D. x& FE0|T F)E FF=o|u],
AE EF %71 0¥ WY FF=0|x, Be 7187 Aol
1, Ce "4, De F3t 3F 7&9 SF=E Tt

Jor e &L ox

4) M0 EH

C57b1/6 F 8 FHL Orient BiodA Tstgch &1
ARE AEA AFSES SHa, 2E@2+2 1), %
(53 +3 %) ¥ YIF7I(12 AZHe Aoz 2ARHESE
Atk Fe 5 uEy 4 2o2 YRt 1 FY FLAR
I AIZEMRD) 2 A2Z(MPTPRA)L AgE4E 3 AF
ke@d 5 mLZ 5 47+ 1 € 1 3 AT FA3ch A3E
(Ropinirol 1 mg/kg FoF)2 2g4o] 34171 Ropinirol
< 1 mg/kge &, A47(CRE 50 mg/kg FoH)L Ad4
o £3)JA171 CREE 50 mg/kg®2 5 47k 1 A 1 3] AL
Eoslgrt 5 94 HE Y acute YR A1ES AYXE
+5 F AF kg@ 5 mLE 2 A7t 7HFo2 4 3] B 4
Fostgen, Aow, A3E, A4S MPTPE 20 mg/kg
As9 w2 YA dsol SaAA F AT kgD 5 mLE
2 A7k HHez 4 3 B i Rojslint”. Foirt e
ZF 9 HE AARZ F, =uigl NZof uXE ¢S &
olR7] 3 ¥ =& EIFdch AHFE I FHo HE F
&3] 4 % PFAY] 315 BE@stel 1gAZ &, 52 Al A
7= 229 &S 9] A3 4 ¢ 30 % sucrosed] 3FF
59t Fol, ] 2AL cryostat(CM3000; Leica, Wetzlar,
Germany)Z 30 um SZHH 3 4 U storing solution®]
Hstgt,

5) Rotarod test

CRE7} 71wy #E 257159 oo Yehye
B2 zA8H7] Y9 rotarod testE AASHATE 5 A7k
dFEOT S EARNA Y FF 3 cm, 4 rpm A

2 Hm o

olo] 28E1 20 rpm 7HA] £EE 2EdtY ALAT 3
b &, 25 rpmolA & AYFE AJPstGon ojf Yt A
& 25tk A& Y 300 29| AR A7HE Fi 5

6) Pole test

CREZ} o1& HAE 257169 o Usl= &
e AR Y8 Pole test® AAISHALE 5 U7te] o
FE OSE LA A E, 0] 55 cm, AF 8 mme] T
A pole test2"” Fastich. g $ell C57bl/6 FHE HEY
7F 12 Ml EaL, FH7F BAZIE 180" EobA FHY H#HE
7} &A5] o2 Weles AR 'time to turn, F7F Hi
715 180" Eotd WEet ¥ vt woll g wi7kR] Ze
£ A]ZFE 'time for locomotion activity (Time for LA)Z
#7185kt 2 ARL 30 29 AFTAE T AFEHHe
o, Zt HE 3 Y AFAZ F 5 3 2 AFEES Pl

7) HomAlsEm A
AT Hokgy =iyl Nzt H 29 AxA 9 53
BHES et PBSE 3 3] AlAT & Ul9A peroxidaseE Al
As7] Yot IiFleAR AEste], 12k A rabbit
anti—TH(1:2000 dilution), rat anti—-Mac—1(1:1000 dilution),
EE rabbit anti—-GFAP(1:1000 dilution)& 3H2%F HH-A]
Zch 22} 34| biotinylated anti—rabbit T anti—rat(1:200
dilution)& AR, ABC ¥H-2 #A DABE o]&3ted 3
E7F DAY, ZF 3 Apolol PBSE 3 3] AlFES kel
ot FANEE-S AEAZ] F Holgy =uiyl ATt Sle A
BgzolEt nled golg olgs) Wol Az ¥ mwdA
o}, ¥ RZA2 gelatin coated slided] "8 3 70-100%
et YA AAFS AR Av&eo|EE 23S §
SEEECTE

AL AP Hokz: =uwl ANZE optical light
microscope(Olympus Microscope System BX51; Olympus,
Tokyo, Japan)& AMg-3te] CRES] A|Zo] digh ke ozt
3t TH A AIZE 100 vioA AojA tizto of
ot RS E et ¥ 229 SARE= TH M2
£ 100 HigolA AojA dirte] oigh WEEE YeRlS
o} ARAE 40 HlEolA Image) software(Bethesda,
MD, USA)E Ag3te] Fshd e (optical density)S =335}
foH, backgroundE AQg At L ARSI oln]
A= optical light microscopeE ©]-83l &gty =3+
Y zZ 9] ZARA Mac—13 GFAPS FANS H=E
s

=

3. TAAY

BE ZAZS mean + SEMOE ZAIFIYcE E Ao
EAA2= Graphpad Prism 5,0(SAn Diedll, CA) T2
S A3 e, one—way ANOVAE o|-83931, AFSEH
2 Tukey test® o|-&ste] Bte] 4L 5 % vwe
AR ZARSHAT
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Holzy mutul AZo|A CREY MPP+ &
Aol Wt =uhal A7 B3 &w}

CREQ] MPP+ A=A tfst =uiyl Az B3 {535
243t 23 MPP+#2 vl AZ 71 g3 g3k
66.20 + 1.41 %& Yehfo] =aiql NEO] =& Fol3HA
Z2ARL(p € 0,001), CREZ} MPP+& A A2t Ax}
MPP+9] HZZ/de] thste] CRE 0.2, 1.0 ug/mLs=oA
= iu)ste] Z+zk 78.87 + 3.92 %, 85.90 + 0.92 %S
2 FAZHCE fosA =aul NEE F7HAFAHFig. D).
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Fig. 1. Protective effects of CRE on MPP+—induced dopaminergic
neuronal damage in primary mesencephalic cell cultures, The cells
were treated with CRE at 0.2 and 1.0 ug/mL for 1 h and
exposed to 10 uM MPP+ for an additional 23 h. After fixation,
cells were stained with anti—TH antibody and visualized with DAB.
The number of TH—positive cells were measured (A) and the
representative photomicrographs are shown in (B—E). (B) Control
group; (C) MPP+ group; (D) MPP+/CRE 0.2 ug/mL group; (E)
MPP+/CRE 1.0 ug/mL Scale bar=100 um. Values are given as
the mean * SEM. o < 0.001 compared with the control group,
# p | 0.01, # p ( 0.05 compared with the MPP+ only treated
group.

2. MPTP#¥ 931&
B3NN A= I

CRES] MPTP AA454 #& #1&d & 24| mlX
= FFS dotR7] 95t rotarod test?} pole testE o8
3 PFAAS AT BF Aol A EeS vlashy)
9J3te] ropinirols iR FoR Eokstel AAstAcH?
Rotarod test 7;-1'3’—]- 4 Bo A G O|2E 91,77 £ 5.33
Z 3¢ JALEE Ad ¥vhH MPTPEL 3H&EEE Ade
5520 7;&%}@] 35.14 + 6.45 25 Yet =4
Eo Al A & RF 144.4 + 20.13 %, MPTP+ 69.21
T 14,09 22 AAFAZ g3t Pt dojd AE &
dstact v, CRE 50 mg/kg 5 47t B 9 H$
A9 7452 +901 %, A A <G 125, 8 +20.77 2E R
oy, FAHRZT} 55 E= oY &
2). E3 pole test 21} MPTP % time to turn-\—]- time
for LAS] iz tiu] S4F A & 278.61 %, 177.55
%2 TS A A & 219.61 %, 206.14 %= F/IGo=
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Fig. 2. Protective effect of CRE on MPTP—induced behavioral
impairment in a mouse Parkinson's disease model using the
rotarod test. Mice were treated with CRE 50 mg/kg for 5 days
and with MPTP (four intraperitoneally injections of 20 mg/kg 2 h
interval times) on the last day. First day (A) and third day (B) of
the last MPTP injection, we conducted the rotarod test. The
latency time to fgll off was recg*rded_ Values are given as the
mean *+ SEM, o € 0.001, o € 0.01 compared with the
control group, ¥ p ¢ 001, * p ( 005 compared with the
MPTP—-only treated group.

A) B)

%)

Time Lo Lum (sec)
mie or LA (50

CRE (mp g}
FRopisirol (g kg) 1

CRE (mg k)
Ropinirol (mgkg) - - 1

MPTP (20 mg/kg)

Tirre for LA [sec)

|

CRE {mg &g}

CRE (mp/kg)
Fopinirol (g kg) 1 Ropiniral (mglg) - . 1

MPTR (20 mp kg) MPTP (20 mg/kg)

Fig. 3. Protective effect of CRE on MPTP—induced behavioral
impairment in a mouse Parkinson's disease model using the pole
test. Mice were treated with CRE 50 mg/kg for 5 days and with
MPTP (four intraperitoneally injections of 20 mg/kg 2 h interval
times) on the last day. First day (A and B) and third day (C and
D) of the last MPTP injection, we conducted the pole test. The
time to turn completely down ward (A and C; time to turn) and
to arrive at the floor (B and D; time for LA) were recorded.
Values are given as the mean = SEM. o ¢ 0.001 compared
with the control group, i p € 0.001, # o { 0.05 compared with
the MPTP—only treated group.
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g ohuy] Slslel MPTPR H=at mhiey wd el
HE AT R4S Stk =upl AE Hoadhe

4 AU TH B AR A AR Bl
FUST 29I G, ORES Foit 3+ 31 A
Wl TH AR 2ok 2 ol 7110 £ 108 %

2 MPTP 52 <l3) 36,74 + 4,94 %= UJ;J TH %A
HEZ 8 fF938o2 F7HA 2oyl A2 B3gddS v
RS I 4= QStHFig. 4). E3, AxA A CRE ¥
ool Fshd=rh iz o] 66.78 £1.32 %EA,
MPTP Foit 41.45 + 3,05 %° H|3| ooz w=uv]
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Fig. 4. Protective effect of CRE on MPTP—induced dopaminergic
neuronal damage in a mouse Parkinson's disease model.
Representative photomicrographs are shown of the SNpc (C-E)
and ST (FH) of each group. Quantification of the dopaminergic cells
were performed by counting the number of TH—immunoreactive
(IR) cells in the SNpc (A) and by measuring the optical density in
the ST (B). (C, F) Control group; (D, G) MPTP group; (E H)
MPTP + CRE group. Scale bar=200 um. Values are given as the
mean + SEM. o ¢ 0.001 compared with the control group,
## 5 { 0,001 compared with the MPTP—only treated group.

4, HolFy Zulul A|Eo|x MPP+o 23t
NO ¥ TNF-a A ujzx&= 3

Hotzy] wabyl MEZof 9o 7143t viet Zo] CREZ} =
A& Aste] MPP+o] 93] $XEE NO2F TNF—« 9 A
RS 2Astglth. MPP+ol ©Jste] NO9| AAo] =2 df
H] 248 + 13.3822 Z7ktded (T p < 0,001), CRE
AAe] 9 0.2, 1.0 ug/mL FE=oA  NOS B0
izt oiv] Z2F 206.78 £ 7.59 %, 173.67 £ 6.36 %=
G934 AA=UcHFig. 5A). MPP+o] l5te] TNF-a 9
AAo] tzLo] H]E| 246.69 + 24.72 %R Z7lstelom,
CRE A Hzlo] 98] TNF—q ¢ T4o] = oEHoz
Zastgen, 1.0 ug/mL BZoA 120,53 + 19.45 %=
GoJskA AR AckFig, 5B).
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Fig. 5. Inhibitory effect of CRE on overproduction of NO and
TNF—a in mesencephalic dopaminergic neurones induced by
MPP+. NO was determined by colorimetric assay using Griess
reagent (A). TNF-« level was measured by ELISA assay (B).
Values are given as the mean = SEM. o { 0.001 compared
with the control group, i p € 0.001, # o { 0.01 compared with
the MPP+ only treated group.
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S=He FHE 843t d s FUg = e,
CRE Fojof 23 A7 otu A= 43t JAd A &
AstATH(Fig. 6).
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Fig. 6. Inhibitory effect of CRE on MPTP—stimulated glia activation
in @ mouse Parkinson's disease model. Representative photomicrographs
are shown of the astrocyte using GFAP antibody and microglia
using Mac—1 in SNpc of each group. Scale bar =200 um.
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