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Abstract

Neuroprotective Effects of Hyangsayangwi-tang in MPTP-induced
Mouse Model of Parkinson's Disease

Ga-Yeon Go, Yun-Hee Kim, Taek-Won Ahn
Dept. of Sasang Constitutional Mediicine, College of Oriental Medicine, Daejeon university

Objectives
To evaluate the neuroprotective effects of Hyangsayangwi-tang (HY), a Korean traditional medicinal prescription
in a Parkinson's disease mouse model.

Methods

Four groups(each of 10 mouse per group) were used in this study. The neuroprotective effect of HY was examined
in a Parkinson's disease mouse model. C57BL/6 mouse treated with 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine
(MPTP, 30mg/kg/day), intraperitoneal (i.p.) for 5 days. Slow behavioral responses and memory disorder is the
major clinical symptoms of PD. In order to investigate the effect of HY on recovery of behavioral deficits and
memory, we examined the motor function and memory by using Morris water maze and Forced swimming test.
Ischemic mouse brain stained with TTC(2,3,5 triphenyl tetrazolium chloride) in the MPTP-induced Parkinson's
disease to find out ischemia and tissue damage in mouse. The convenient, simple, and accurate high-performance
liquid chromatography (HPLC) method was established for simultaneous determination of neurotransmitters in
MPTP-HY group. To measure the amount of dopamine in mice brain, striatum-substantia nigra, was examined
by Bradford assay. Immunohistochemistry was examined in the MPTP-induced Parkinson's disease (PD) mouse
to evaluate the neuroprotective effects of Hyangsayangwi-tang on hippocampal lesion, ST and SNpc.

Results and Conclusions
Hyangsayangwi-tang (HY) prevents MPTP-induced loss of serotonin, hippocampus and TH-ir cell.
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Table 1. Prescription of HY
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Herbs Scientific name Amount(g)
NZ Ginseng Radix 4
Flt Atractylodes Macrocephalae Rbizoma 4
H75E Paeonia Radix Alba 4
K Glycyrrhiza Radix 4
£ Pinellia Rbizoma 4
EHT Cypeti Rbizoma 4
kB Citri Pericarpium 4
HHE Zingiberis Rbizoma 4
LA Crataegii Fructus 4
= Amomi Fructus 4
(g Alpiniae Katsumadaiv Semen 4
Lo Zingiberis Rbizoma Recenes 4
KHE Jujubae Fructus 4
Total amount 52
* HY : Hyangsayangwi-tang
WA R AR Gyt BE FRS FFAT B @ ol ZR4 200 1S Tlele] A 32700
2% 2:27C, FE 55£15%, 12 AZF (light-dark cycle) A 3 A FEF A AE FY A8 ol
o] AN 157:7F H-5A17] T gl AR3IA, 7t SH74A] (totary vaccum evaporator) = F55H,
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AAEE71($FL 3, Korea), plate shaker(Lab-Line,
USA.), spectrophotometer (Shimazue, Japan), Bio-freezer
(Sanyo, Japan), Quantitative Real-Time PCR (Applied
Biosystems, U.S.A.), ELISA leader (Molecular Devices,
US.A.), HPLC (Waters Co. Milford, MA, USA) 52 A}
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* Control group : mouse received saline only.
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* MPTP group : mouse received intraperitoneal(i.p.)
injections of MPTP-HCL (30mg/kg of free base;
Sigma, Saint Louis, Missouri, USA) in saline at 24h
intervals for 5 days.
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Table 2. Solvent Gradient Condition for HPLC-DAD
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Figure 1. Effects of Hyangsayangwi-tang on the impairment
of learning and memory of the stop-through
type Morris water maze test in the MPTP
-induced Parkinson's disease (PD) mouse.
C57BL/6 mice were orally administered of Hyangsayangwi
-tang or MD and the acquisition taining trial continued
once a day for 21 days. Lardist this is the total
distance (in cm) was initiated at 3 weeks after orally
administered of HY extract (Hyangsayangwi-tang,
550mg/kg,p.0) the retention trial was carried out
after day 7 after the acquisition training trial and
injected MPTP induced PD mice. Control, MPTP-
induced PD mice; MD (®F=3}, 2mgrkg,p.o); HY
extract (Hyangsayangwi-tang, 550mg/kg,p.0). Lardist
this is the total distance (in cm) covered By the
animal in large movement, and smidist this is total
distance covered by the animal in small movement.
Data (Lardist plus Smldist) represent means+S.E
(N=10). Data represent meanszS.E  (N=10).
Statistically significant value compared with MPTP-
induced PD mice group (control) data by T test
(" p<0.001).
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Figure 2. Effects of Hyangsayangwi-tang on the spatial

working memory deficits of the distance
movement-through type Morris water maze
test in the MPTP-induced Parkinson's disease
(PD) mouse.
C57BL/6 mice were orally administered  of
Hyangsayangwi-tang or MD and the acquisition
taining trial continued once a day for 21 days.
Lardist this is the total distance (in cm) was
initiated at 3 weeks after orally administered of HY
extract (550mg/kg,p.0) the retention trial was
carried out after day 7 after the acquisition training
trial and injected MPTP induced PD mice. Control,
MPTP-induced PD mice; MD (¥}=3}, 2mglkg,
p.0); HY extract (550mg/kg,p.0). o). Lardist this is
the total distance (in cm) covered By the animal in
large movement, and smidist this is total distance
covered by the animal in small movement. Data
(Lardist plus Smidist) represent means+.E (N=10).
Data represent means.+E (N=10). Statistically
significant value compared with MPTP-induced PD
mice group (control) data by T test (*<0.01)
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Figure 3. Forced swimming test

The forced swim test is a rodent behavioral test
used for evaluation of antidepressant drugs,
antidepressant efficacy of new compounds, and
experimental manipulations that are aimed at
rendering or preventing depressive-like states.
Mouse are placed in an inescapable transparent
tank that is filled with water and their escape
related mobility behavior is measured.
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Figure 4. Effects of Hyangsayangwi-tang on the immobility
time during the forced swim test in the MPTP
-induced Parkinson's disease (PD) mouse.
C57BL/6  mice were orally administered of
Hyangsayangwi-tang or MD and the acquisition
taining trial continued once a day for 21 days. ). The
FST behaviour was videotaped for later analysis and
the periods of immobility were scored from
videotapes. Control, MPTP-induced PD mouse; MD
(vkx=3}, 2mglkg,p.0); Hyangsayangwi-tang extract
(550mglkg,p.0). Data represent means+.E (N=10).
Statistically significant value compared with MPTP-
induced PD mice group (control) data by T test
(" p<0.01.).
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Figure 5. Infarction and brain edema coronal sections from ischemic rat brain stained with TTC in the MPTP -induced
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Figure 6.

Parkinson's disease (PD) mouse.

C57BL/6 mice were orally administered of HY or MD and the acquisition taining trial continued once a day for 21 days.
Brain cerebral infarction is visualized by 2,3,5-triphenyl-2H tetrazolium chloride. Control, MPTP-induced PD mouse; MD("}%=
3}, 2mglkg,p.0); HY extract (550mg/kg,p.o). Data represent means+.E (N=10). Statistically significant value compared with

MPTP-induced PD mice group (control) data by T test

C5Tbl'6-Nr MPTP control MPFTP MD2 MNPTP HY 550

me/kz melkz

Effects of Hyangsayangwi-tang on the coronal
section in the MPTP-induced Parkinson's
disease (PD) mouse.

C57BL/6 mice were orally administered of HY or MD
and the acquisition taining trial continued once a
day for 21 days). Brain cerebral infarction is
visualized by 2,3,5-triphenyl-2H tetrazolium chloride,
and % LV using various BH(brain Hipocampus)
imaging measurements. Control, MPTP-induced PD
mice; MD (WFX=3} 2mg/kg,p.o); HY extract (550
mg/kg,p.o. Data represent means+E (N=10).
Statistically significant value compared with MPTP-
induced PD mice group (control) data by T test
(*p<0.001).
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Figure 7. Using HPLC analysis of standard pattern and the neurotransmitter
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Figure 8. Effects of Hyangsayangwi-tang on the levels of
serotonin in the brain tissue in the MPTP-
induced Parkinson's disease (PD) mouse.
C57BL/6 mice were orally administered of HY or MD
and the acquisition taining trial continued once a day
for 21 days. The serotonin level was initiated at 3
weeks after orally administered of HY extract (550
mg/kg,p.0) and injected MPTP induced PD mice. Data
represent HY extract (550mg/kg,p.0). The brains were
removed and the levels of serotonin were determined
by an HPLC method. Statistically significant value
compared with MPTP-induced PD mouse group
(control) data by T test (*p<0.001).
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9. Effects of Hyangsayangwi-tang on the levels
of dopamine in the brain tissue in the MPTP
-induced Parkinson's disease (PD) mouse.
C57BL/6 mice were orally administered of HY or
MD and the acquisition taining trial continued once
a day for 21 days. The dopamine level was
initiated at 3 weeks after orally administered of HY
extract (550mg/kg,p.0) and injected MPTP induced
PD mice. Data represent means=E (N=10). Control,
MPTP-induced PD mouse; MD (®F=3} 2mglkg,
p.0); HY extract (550mg/kg,p.0). The brains were
removed and the levels of dopamine were
determined by an ELISA method. Statistically
significant value compared with MPTP-induced PD
mice group (control) data by T test (*p<0.001).
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Figure 10. Effects of Hyangsayangwi-tang on the histological analysis of hippocampal lesion in the MPTP-induced

Parkinson's disease (PD) mouse.

C57BL/6 mice were orally administered of HY or MD and the acquisition taining trial continued once a day for 21 days.
The hippocampal lesion level was initiated at 3 weeks after orally administered of HY extract (550mg/kg,p.0) and injected
MPTP induced PD mice. Data represent means=E (N=10). Control, MPTP-induced PD mice; MD(®F= 3} 2mg/kg,p.o); HY
extract (550mg/kg,p.0). They were sacrificed, brain was fixed in 10% buffered formalin and embedded in paraffin. Paraffin
sections were stained with hematoxylin/eosin. The panels are representative photomicrographs of each of these risk at bright

microscope (Nikon,x40).
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Effects of Hyangsayangwi-tang on the immunohistochemistry of TH-immunoresponsive (TH-IR) neurons in the
striatum (ST) in the MPTP-induced Parkinson's disease (PD) mice

C57BL/6 mice were orally administered of HY or MD and the acquisition taining trial continued once a day for 21 days.
The hippocampal lesion level was initiated at 3 weeks after orally administered of HY extract (550mg/kg,p.0) and injected
MPTP induced PD mice. Data represent means+.E (N=10). Control, MPTP-induced PD mice; MD(PF =3} 2mglkg,p.0); HY
extract (550mg/kg,p.oE). TH-IR cells in the ST of mouse were determined by an immunostaining assay with rabbit anti-TH
antibody. Representative photomicrographs are shown of the ST from each group. The panels are representative
photomicrographs of each of these risk at bright microscope (Nikon,x40).

MPTP_control

TH-IR cells in the SNpc of mice were determined by an immunostaining assay with rabbit anti-TH antibody
in a subacute MPTP mouse model of Parkinson's disease.

C57BL/6 mice were orally administered of HY or MD and the acquisition taining trial continued once a day for 21 days.
The hippocampal lesion level was initiated at 3 weeks after orally administered of HY extract (550mg/kg,p.0) and injected
MPTP induced PD mice. Data represent means+.E (N=10). Control, MPTP-induced PD mouse; MD(*}=3} 2mg/kg,p.o); HY
extract (550mg/kg,p.oE). TH-IR cells in the SNpc of mice were determined by an immunostaining assay with rabbit anti-TH
antibody. Representative photomicrographs are shown of the SNpc from each group. The panels are representative
photomicrographs of each of these risk at bright microscope (Nikon,x40).
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