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VAR TE —HAEASH NOS) £ERM (R) MEMSTHEMW, HE C57BL/6 MEFAL sc
MPTP 20 mg/kg, H4E 8 d A . FodtHhsr SVHRP 74, ¥ 2 /b BURE Mkt | USRI B it i
I B 00 40 AL 2 v SR BRI 1 BB T S R #36ES (TH) M1 nNOS S M B M2 6. 4R MPTP i
HNARERRBERLCRBNETREE, B3thAE N TR, Fed £ BB M nNOS 552 % 5L M ## 27t 41
KBEEXANE. WA/ RBSEEBISEN Y RALBRBEHBEE, BEY nNOS £& K N HEH LT
HRERHBAHENSD . Hi® SVHRP TREPFHBREER L EKEHLTREE MPTP 5| RKESH
PR, 5 MPTP SLERRE nNOS SRR M EHINR, T NO A2 5 HEPHH.
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Effects of scorpion venom heat-resistant protein on intracerebral NO synthase
of mice with Parkinson’s disease
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Dalian University of Technology, Dalian 116027, China)

Abstract: Objective To observe the effects of scorpion venom heat-resistant protein (SVHRP) on
the locomotor ability and immunoreactivity (IR) of neural nitric oxide synthase (nNOS) in C57BL /6 mice
with Parkinson’s disease induced by 1-methyl-4-phenyl-1, 2, 3, 6-tetrahydropyridine (MPTP). Methods
C57BL/6 Mice were sc injected with MPTP (20 mg/kg) for 8 d, then the pole test and swimming test were
conducted to testify their motor harmony in SVHRP group. Immunocytochemistry was used to observe the
change of TH-IR positive neurons in substantia nigra and nNOS-IR positive neurons in caudatum,
respectively. Results The results indicated that MPTP model mice showed locomotor deficits after the
damage of dopaminergic neurons. Meanwhile, the number of nNOS-IR positive neurons in caudatum
increased as compared to the normal group. Furthermore, the therapy group had no difference in
locomotor harmony compared with the normal control group, but the number of nNOS-IR positive neurons
in caudatum decreased significantly as compared to the model group. Conclusion This study suggests that
the increase of nNOS in caudatum may play a role in improvement of locomotor disability. SVHRP exerts
neuroprotection in MPTP-treated C57BL/6 mice via decreasing nNOS in the caudatum. NO may be related
to the protective mechanism.

Key words: 1-methyl-4-phenyl-1, 2, 3, 6-tefrahydropyridine (MPTP); Parkinson’s disease; neural
nitric oxide synthase (nNOS); scorpion venom heat-resistant protein (SVHRP)
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4 Z5fm (Parkinson’s disease, PD) % &Y
HERGBITHER, REAWRIWHAE. BHRST
PD Wzhi4 R EEIRT A A S AR KB . BFH/E
FEEFH, RE LR AR PDM, HEBRITH
WHAERE. 1-FE-4-XE-1,2,3,6- A ML
(MPTP) g3 PD BRI N AH T 20 £ EA
KAt XK zhY, MPTP T Li5I# 5 PD & A0
B BR A AL F 24k 2 AW AR, C57BL/6 /MR
3t MPTP WEHERABERR B EHTHE
PD M RMARITHHED. EEHREH—-EAK
(NO) W2 5 PD MR RILHTY, e Tl K
HEBEAE (WNOS) FEFAETMA, 5 NO Wi=4
FYMRX. A TH#H—FHHIT PD WERBRILH IR
FHWRIT PD MY, A B Kl 4 C57BL/6 /MR
MPTP # &, A TFHFWMER (SVHRP) 1§
7, B A DL X B R 2L’ (TH) HHE S B
fEMZ T nNOS FH¥E M 2T 2 4k, BT 6 3 Wt
#E AT PD /NEGE SR BB S Bk 3B R T BB Y
P,

1 #H

1.1 #& 5% MPTP, 015K1187, % H Sigma
AdE. $—P & (TH-Ab, 1 : 1000; nNOS-Ab,
1: 300) W F Sigma A 7. 2YWRLWER BB
IgG (1 : 400), W TR Boster A7, WHFEWME
H (SVHRP), i KEEM K¥E PR, |E
it EH (FEA 0.02 mg/mL) B R HH
Buthus martensii Karsch B, 2%k LT Z 48, 1
HEHHERK AHHERE (BXEXHALA.
ZLO1106166. 9) . HARRM BRI H B4,

1.2 %:C57BL/6 MR (KEENKEFHYLR
LR,

1.3 {X#§:HPIAS RIIECRBEXSHRE. W
FHRERTHRAR. ZPQ—86 BiEsIT] HHl,
FLEBEXETFHURERAF. U—3010 Hax 4k
HEt.

2 HE

2.1 PD BRI &M 4. B HE C57BL/6 /b
BB E,IKE 18~22 ), FENL 0 R4
(MPTP+NS,n=24).J857 1 (MPTP+SVHRP,
n=8).LWXt F4 (NS+SVHRP,n=28),%5 (13
B4 (NS+NS,n=24), MPTP+NS %4 ,sc MPTP
(AF=%K,pH 8.5) 20 mg/(kg + d),2 h /& ip
NS, #% 4 8 d;NS+NS AL FAHMERN NS,
MPTP + SVHRP #4 #1 NS + SVHRP 4 7 sc

MPTP % NS 2 h 5,4 5! ip SVHRP 1.1 mg/
(kg +d) GAIBHBILRHEE), %% 8d,

2.2 FIR¥LR . TR 44, FHDRATRF.
WIKAT AN, B H 2 R ERE 2.4.6.8 HAZ
J& 4 B BEATAT ¥ ST DA R W) 3 A% 4k iE 3h i
B8 .

2.2.1 JBFFER:#—-HERN 2.5cm MEHKEN
MREEF—HBEK 50cm HE 1 ecm BARFTNR,
AF L4 2 RO LIBTIR /D BB, 25
0% /D BURTEAF K B B2 384 B i i 181 5 /D BURR 58
FREOTERES AT E/DRREFEOSKFI
TEE. U THREES:3s WM LRE—3hfE
2 34r:i6s WRMIE 248 61814, X3
AT 18] B 23 B50R i B 2k 8 0 /) B A YR BT 5K e Y B
=g /&

2.22 WRER:BEPBRBEA— 20 cm X
30 cm X 20 cm HRE KL B KRR 22~25 C. #%
T HRAE¥ES 78 90 s HEBESE AR BTEdkiIC 3 4
B/RER, K46t RPIKAT 2.5 4 F P E 58
ANZREEHE 50% A LB 2 28R WIKIE 1.5 45
BRABREHERE—RIZL 5.

2.3 BREHARLFEIR

2.3.1 HE:FYE1%KEEE (400 mg/kg,
ip) BB B 1% fl 4% SR PEHTER,
BURHMA 4% SRPBEHEE, FHA 209 KR
BB 4 C A& . ARSI A BB 30 ym &
BB 15 64T F 30 %0 5 40 I L 2 IR - I ) 2 PBS
¥k 10 minX3 K,5 1% BSA BF 30 min; 73
A% —%itk (TH-Ab, 1 : 1000,nNOS-Ab, 1 :
300),4 C WHIH,PBS Ek 10 minX3 K; 54
WERLHFEDARP 1gG ZRIRFGB\F 1 h,PBS §
%10 minX3 WGMEREYEESY A-B-PBS
(1:1:400) EREFH\F 2h,DAB L BE . 4B
7 BT B A e, S — Bk PBS &,

2.3.2 ZRWE.H HPIAS R U AREE XS
WHR X TH 1 nNOS % 5% 5 FH ¥ ¥ & o B 47
ERTH. EREHNIR 5 B, WA KRR
#& George Paxinos & Charles Watson X B Jigi & i
REIORHYBETRER . ERBEHRER
(SNR).B# (CPU), R KX F LW E nNOS 4%
REMHEHLZTHBENERN 2 816 pm’
(44 pm X 64 pm), W E TH %5 K 5L FHHE# 2Tl
BEMERRY 2 919. 35 pm?(43. 9 pm X 66. 5 pm),
BB AN REFYE, tEWEBEN
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TH.nNOS 455 K5 FH # # & 5 3.
2.4 ¥iEALE. TRWIEA o+ FR, A SPSS 10. 0
RS ELE, BEERBAT ETE.
3 4R
3.1 BHITHERE
3.1.1 JBHFXZR :MPTP+NS A/MRBEHEHHR
EERTRE.EE. BB . HERBD, X RA
RRAET ERTF 24 h JFREWH K . MPTP+NS 4
MY B NS+NS K, Mk 4 8t
NS-+NS 4K, i Bz s EH/ ., MPTP+SVHRP
#5 NS+NS LB AHBHE (EFD.
® 1 SVHRP 3/ BRHFITHRER (x+s)
Table 1 Effect of SVHRP on pole test in mice (x+s)

R/ FEAF IR IF4)

a 3
(mgkg™) 2R HAX H6X WX
NS+N§ - 8.2+0.9 86405 8.540.5 8.8+06.4
NS+SVHRP 0+1.1  8.3+0.5 85+0.5 8.240.6 85405
MPTP+NS 0400 3.410.7443,8+0.8444, 741. 2886, 411, 604
MPTP+SVHRP 20411 8.240.4* "8.040.5* *8.1+0.7* *8.1+0.6* *

5 NS+NS @ . 44P<0.01

5 MPTP+NS 4 % * * P<<0.01

AL P<Z0. 01 vs NS+NS group

* * P<<0.01 vs MPTP-+NS group
3.1.2 WkLW .MPTP+NS A/PREFKLE
W8 43 e = v R BRI W Kk BB ) RIS, i BB
ZEE, MPTP+SVHRP 5 NS+NS @l %A
HBHAEGK?2,

2 SVHRP M/AREXTHHER GLs)

Table 2 Effect of SVHRP on swimming test in mice (x-4s)

Hi®/ WL RWS

an (mgekg™)) #H2E B4X BeX H8X
NS+NS - 2.9540.16  2.9520.16  2.9540.16  3.0030.00
NS+SVHRP 0411 2754049 2.9040.21 - 2.9540.16  2.8540.24
MPTP+NS 2040 1.4540.588 1.5540.50AA1.3540. 41851, 3040. 3588

MPTP+SVHRP  20%1.1 2.7040.35* " 2.7540.26" * 2.8540.24* * 2.7540.49" *

5 NS+NS 4l th$: 44P<0.01

5 MPTP+NS 41 [t #: * * P<<0.01
ABP<0. 01 vs NSHNS group

* * P<0. 01 vs MPTP+NS group

3.2 ¥ C57BL/6 MRBHEBFH TH HEMES
TR . 5 NS+NS 414l ,MPTP+NS A/h K,
BEERHERN TH S ERMHEZEEENET
BB R, R7FF TH Ry R PH¥E £ BB M 4T
TR BE R AR, BB I B IE HE AR Rt in. MPTP +
SVHRP 45 NS+NS AHLBREHBBE(E .
3.3 Xt C57BL/6 /MR nNOS %uf 2 B iEHE K
. R 4. MPTP+NS 4 nNOS ¥4 Ha% i,

%3 MRRERYFEH TH 2R R NHEERETH

WEREKE
Table 3 Number and mean grey of TH-IR positive dopa-

minergic neurons in substantial nigra compact

_— &/ TH H#EWHET
(mg * kg™1) E:i1)0 KE
NS+NS - 7.840.5 34.1+2.5
NS-+SVHRP 0£1.1 7.8%+1.6 30.543.14
MPTP+NS 20+0 3.610.942  25.042.788
MPTP+SVHRP 20+1.1 6.8+1.5 28.140.7**

5 NS+NS HH#: AP<0.05 A4P<0.01

45 MPTP+NS 41 l#: * ¥ P<<0.01

AP<0.05 ALP<0.01 vs NS+NS group

** P<C0.01 vs MPTP+NS group
¥4 PREZ ONOS BB HREREY
Table 4 Number of nNOS-IR positive cells

in caudatum of mice

4 3 FIM/(mg » kg™1) nNOS [HH#: 40 %
NS+NS - 8.54+0.8
NS+SVHRP 0+1.1 9.040.5
MPTP+NS 2040 10. 4£0. 588
MPTP+SVHRP 2041.1 9.640.5%*

5 NS+NS @ 8. 246P<0.01

5 MPTP+NS #4itb#: * * P<<0.01
AAP<0. 01 vs NS+NS group

* * P<0. 01 vs MPTP+NS group

MPTP+SVHRP #% MPTP-+NS 418 8 &K .
4 Wig

7 PD sh# &I h ,MPTP WEHEEITE /L
MNEAFH.NOSEPDHWERILHCBFEH
REXFSY . 0NOS FBHFETABMERE 8D .80
PR T B o R A AR 4 (X nNOS 72 Z BEAERR .
ZWK.BEFURNSEERERSTHMIE T #L
LAEEBE B NO, MPTP R 7% MPP* % 4%
ME5ZERBERAZEREFRNN . REEZER
e Z2THRRIAN. MPP M £ EkEEMZ T
SKEEARTERENEAY IV . HARARS
YEFE R, 8E nNOS =4 K& NO, i 7= 4 WA &
ey, sIREHEEAURI, AHEBEHET.
MPTP &Rl #§% NMDA Z&35|& nNOS #&tH
EETFHREERY, RAHREY MPP* 4+ R KR
A K MAO-B SIRMEMIERY ., XLHiE
ARG RBMEITILT,

A1 nNOS M #l#| 7-nitroindazole (7-NI)
REHEHL MPTP M/DR A BB BHEER, RAEY
¥ DA BREMBLORMEZEREMZTHESR, R
HLE AT RER W MPTP 5 WM& L™4 M NO
MEMEHEY . BFTRREREMKT MPPKF, &
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A B R 4 MAO-B kLB HHRIEH
nNOS % [ fk Bg 22 25 /) BT LUHESE MPTP # £
Fi, RENSORE R R H4H BER . M
nNOS T PAWE R MPTP B#E#ERAS . XBHRH
NO £5 PD WARBHBIRETIER. £AHAREK
B NO {g# MPP* Xt £ B SEMZ T FIE RN E
B RARMOEEERY. 4 TFHAE MPTP 4~
12 h J5,nNOS {E A SCR A & MPTP M E#
YEAFRHA NO K ONOO™ # &M,

AR RN sc MPTP 20 mg/kg % &
8d,5 NS+NS H L% ,MPTP+NS AEEAK
NOS R MAHEMETREHBHEM (<
0.0, WA BERERNEZEEEHETHEHE
B> (P<0.01), Rt MPTP+NS 4/h Rz 31 th
BB MK . i MPTP+SVHRP 5 NS+NS 4 i
BWAH B, MPTP+SVHRP 4 314 B F 3
FHREICEEHZIZHREZABER, IPHIE
AR B ¥, X7l fE5 SVHRP B B # B &
A nNOS # it ERIEA X, BIHEINZTRIEE
SVHRP A B M EAMER B i BEM, B
ML AL R ERE . 2HRELXH SVHRP —
FHEAURPPRBRERERLEEEWNZETT: B
— 77 B REESOR i nNOS #9355 % ¥ MPTP
FEMNBHAERER, B RIFRITIER. 3%
MPTP 3|8 RB# nNOS G MIEHHE. NO
REIJIENTHEERFSHIST.25%IiE1L

MThREIAEE. BTLL NO MRAaES 5 R HILMH.
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KAARENEEDEXROCINM ZEETR mRNA RiZHIF R

moM.E M.F &K Fo okl FRA, A HEE
MBRREMKY HEXANE BRILA4LYEATITREAXRE- AN BEARESLRE, REIL MRE 150086)

B OE.HiY S4B M ZALTERELN LN mRNA AR, BF58 A 95 B2 X 86 Bg i 5 K KU ME i i 45 A i
SFHH. HE HERISMEAFEY, B KIULR 0 F M SEER (TO. HH=K (TG . AEERED
(LDL) . B#EE8ER (HDL) .M B IgHi B (FFA). W —B (MDA).BE (YLK (SOD) 5 i BE #8 #5 ; Trizol
EREOUA RNA, F AR ZRAMER N (RT-PCR) ME M, M: M, M;s 4 # M Z&TH mRNA &%,
WEHERIE.EXMAHL IHANHTHER. &R HIELEN M +4 TC.TG.LDL.FFA & MDA X ¥# &
(P<0.05),HDL 5 SOD f{k (P<0.05),2 kX3RRI TC.TG.LDL.FFA K MDA K¥H{K (P<0.05),
HDL 5 SOD A ¥ EFif (P<0.05) EEERAF HBRBEEAAESER4A M ZAE LR mRNA £3%, 4R
M, M, M: 2T RE XD M ZETRMIEMER, ENFRIEEX (P<0.05), AAAREE S RIBRALA
B M; 2T mRNA ZXHEB . MIATRFELRS, AAAFEEER (P<0.05),M,.M; 24 E & mRNA
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