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Catalytic metalloporphyrin protects against MPTP-induced Parkinson’s
disease in mice
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[ABSTRACT] Objective: To observe the effects of manganese ([ ) meso-tetrakis (N, N'-diethylimidazolium-2-yl) porphyrin
(MnTDM) in treatment of early Parkinson’s disease(PD) mouse model induced by subcutaneous injection of 1-methyl-4-phenyl-
1, 2, 3, 6-tetrahydropyridine(MPTP) and to discuss its possible mechanism. Methods: Forty male C57BL/6 mice were evenly
randomized into 4 groups: MPTP model group(subcutaneous injection of 25 mg/kg MPTP for 3 days), MnTDM-+MPTP group
(15 mg/kg MnTDM was subcutaneously injected 1 h before MPTP injection), MnTDM control group, and normal saline
group. Performance of animals in the pole and swimming test was observed 3 days after the last injection. Levels of dopamine
(DA) and its metabolites(3,4-dihydroxyphenylacetic acid [DOPAC] and homovanillic acid [HVA]) in the striatum of animals
were measured by high-performance liquid chromatography with an electrochemical detector(HPLC-ECD). Thiobarbituric acid
(TBA) method was used to examine the levels of malondialdehyde(MDA). Results: Acute injection of MPTP could be used for
establishment of PD model. The striatal levels of DA, DOPAC and HVA in MPTP group were significantly lower(P<C0. 01)
and the striatal level of MDA was significantly higher(P<C0. 05) than those of the control group. MPTP had no obvious effect
on the behavioral performance of the animals in a short term. MnTDM could partly inhibit the above effects of MPTP. Com-
pared with MPTP group, MnTDM + MPTP group had significantly higher DA, DOPAC, and HVA levels and significantly
lower MDA level(all P<C0. 05). There was no significant difference in the behavioral indices of animals between the 4 groups.
Conclusion: Mn'TDM can inhibit lipid peroxidation and promote DA production; it has preventive and therapeutic effects on
MPTP-induced PD.
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Parkinson’ s disease (PD) is a neurodegenerative
disorder characterized by tremor, rigidity and akinesia,
with selective degeneration of the nigrostriatal dopam-
inergic neurons in the central nervous system as the
prominent pathological changes. The neurotoxin 1-
methyl-4-phenyl-1, 2, 3, 6-tetrahydropyridine (MPTP)
can induce, in humans, monkeys and mice, the neuro-
chemical , neurological and pathological changes that are
analogous to those observed in PD. Tt is well known
that MPTP causes behavioral, electrocortical and neu-
rodegenerative changes when injected into several areas
of the rat brain or given systemically™ ; these effects

can be prevented by the injection of Cu-free superoxide

[Received ] 2007-07-09 [Accepted] 2007-10-23

dismutase(SOD)" . MnTDM is a new generation man-
ganese porphyrin analog, which is designed to optimize
biologically important properties and minimize the po-
tential toxicities"!. The aim of this study was to verify
whether MnTDM could prevent behavioral impairment
and nigrostriatal degeneration in MPTP-induced PD in
C57BL/6 mice. Further investigation is warranted to
investigate whether MnTDM has neuroprotective effect

in vitro and whether it can benefit patients with PD.
1 MATERIALS AND METHODS

1.1 Animals and establishment of PD model Male
C57BL/6 mice(8 weeks old, weighing 20-25 g. specific
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pathogen free[ SPF]) were purchased from Shanghai
SIPPR-BK Lab Animal Co. Ltd. The mice were ran-
domly divided into 4 groups (i [ control ] = 10,
nvere 25 meke | MPTP 1= 10, nivaromis mg/ke [ MNTDM | =
10 s 72MuTOM 15 mg/ ket MPTP 25 me/ke | MNTDM-+MPTP |=10).
Mice were subcutaneously injected with saline(vehicle)
25 mg/kg MPTP (Sigma, St. Louis, MO, USA) for 3
daily"™ ; MnTDM
(15 mg/kg) was subcutaneously injected 1 h before

days once saline ( vehicle )
treatment with the MPTP, while similar amounts of sa-
line were added to relevant other groups.

1.2 Pole and swim test Mice were subjected to pole
test 3 days after the last administration as described
above. The pole test was performed according to the
method established by Okuda et a/"*. Briefly, animals
were positioned head upwards near the top of a rough-
surfaced iron pole (10 mm in diameter and 100 cm
high). The time periods for the animals to cover the
first 25 cm distance of the pole(defined as Tss.) and
the second 25 cm distance( Tsom ) were recorded. Tripli-
cate pole tests were carried out and the average values
were calculated.

Swimming test was carried out after the pole test
in water tubs (40 cm length, 25 cm width, 16 cm
height). The depth of water was kept at 12 cm and the
temperature was maintained at (2742) ‘C. Swim-score
scales were:0,hind part sinks with head floating, occa-
sional swimming using hind limbs while floating on one
side; 3,occasional floating/swimming only; 5,continu-
ous swimming"-. The score would be deducted 0. 5 ev-
ery floating time of 10 seconds as the score between 3
and 5.

1.3 Brain tissue preparation All mice were sacrificed
3 days after the last drug treatment or saline injection.
After decapitation, brains were quickly removed and di-
vided into 2 parts: one for the analysis of dopamine
(DA) and its metabolites; the other was embedded on
the dry-ice and then stored at —80°C for determination
of malondialdehyde(MDA).

1.4 Analysis of striatal dopamine and its metabolites
Mice were sacrificed by cervical dislocation. The 2 stria-
tal parts were rapidly isolated from the cerebrum on an
ice-cold glass plate, weighed and homogenized in chilled
HCIO, (0. 2 mol/L) and centrifuged at 16 000 X g for

20 min. DA, 3, 4-dihydroxyphenyl acetic acid

(DOPAC) , and homovanillic acid (HVA ) were meas-
ured by high-performance liquid chromatography
(HPLC) (Hitachi, Japan) with an electrochemical de-
tector(ECD) (Eicom, Japan). Fifteen microlitres of the
clear supernatant was injected directly into the HPLC
system. The mobile phase consisted of 0. 1 mol/L
NaH; PO, , 1 mmol/L. I-octane sulfonic acid sodium
salt,0. 5 mmol/L. EDTA and 10% (V/V) methanol,
pH 3. 2. The mobile phase was delivered at a constant
rate of 1 ml/min by an EICOM Model EP-10 pump
through a Cl18 Phase analytical column (5 pm X
4.6 mmX 250 mm; Beckman, CA) placed in a heater
box(50°C). Electrodetection was performed at 0.8 V.
The signal from the detector was recorded and the data
were analyzed by using a N2000 chromatography data
system software; the contents of DA and its metabo-
lites were calculated by comparing the simple peak area
with the internal standard peak region, and were ex-
pressed as microgram per gram of tissue weight™”.

1.5 Measurement of MDA content The contents of
MDA in the striatum were measured by the thiobarbi-
turic acid-reaction to assay the lipid peroxide (LPO).
Tissue samples frozen at — 80°C were well irrigated
with normal saline, and by admixing with the KCI
(1.5%), homogenization at a ratio of 1 : 10 was
achieved. LPO level in the centrifuged tissue homoge-
nate was measured according to the method described
by Kaymaz et al™*'. The reaction product was assayed
spectophotometrically at 532 nm. LPO level was ex-
pressed as nmol of MDA per mg protein of tissuet™.
1. 6 Statistical analysis All data were statistically an-
alyzed with one-way analysis of variance ( ANOVA )
followed by Dunnett test for multiple comparisons
among different groups (SAS, Version 6. 12). Results
were given as mean £ S, E. M. values. Values of P<C

0. 05 were considered significant.
2 RESULTS

2.1 Behavioral test There was no difference in be-
havioral ability(pole and swimming score) in mice be-
tween the control and MPTP group, the MnTDM +
MPTP group and MPTP group,or the MnTDM group
and control group. Concretely,in the pole test,the Tys.n
and Ts., in MPTP group and MnTDM—+ MPTP group

were not prolonged compared with those in the saline
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group. Animals in the control group and MnTDM —+
MPTP group had higher scores in the swimming test
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than those in the MPTP group did; there was no sig-

nificant difference between the 4 groups(Fig 1).
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Behavioral performance of mice in each group

A The time period to cover the first 25 cm of the pole; B: The time period to cover the second 25 cm of the pole;C:Score of swimming test in the mice.

n=8.x+s

2.2 Striatal DA and its metabolites in each group In-
jection of MPTP resulted in significant decreases in
contents of DA and its metabolites(DOPAC, HVA) in
the striatum. MPTP(25 mg/kg) decreased DA content
by 50% compared with the control group(P<Z0. 01).
Significant decreases in DOPAC (by 70%) and HVA
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(by 38%) were observed (P<C0. 01) in mice treated
with MPTP compared with those in the control group.
Compared with MPTP group, the contents of DA,
DOPAC and HVA in the MnTDM+ MPTP group in-
creased by 62. 6%, 63. 5% and 40. 7%, respectively
(P<C0. 05, Fig 2).
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Fig 2 DA(A),DOPAC(B) and HVA(C) contents in each group
** P<C0. 01 ws control group,” P<C0. 05 vs MPTP group. n="7.7+s

2.3 Striatal MDA content in each group The content
of striatal MDA in the MPTP group increased by
44.5% compared with that in the control group(P<C
0.05). The striatal MDA content in the MnTDM +
MPTP group decreased significantly (by 34.9%) com-
pared with that in the MPTP group(P<C0. 05,Fig 3).
MDA content was expressed as nmol of per mg protein

of tissue.
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Fig 3 Striatal MDA content in each group
* P<C0. 05 ws control group; & P<C0.05 vs MPTP group. n=>5,7=*s
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3 DISCUSSION

In the present study, we demonstrated that sys-
temic treatment of mice with synthetic catalytic scaven-
gers of reactive oxygen species (ROS) meso-porphyrin
mimetic MnTDM conferred neuroprotection against
MPTP-mediated neurotoxicity in C57BL/6 mice.
MPTP treated C57BL/6 mice in this study demonstra-
ted pronounced early PD characters, including un-
changed behavioral performance, decreased dopamine
content, and increased MDA content in the striatum.
The MPTP neurotoxicity observed in this study agreed
with that reported previously''. We also examined the
effects of MnTDM on the striatal dopamine level and
found that pretreatment with MnTDM 1 h before
MPTP injection prevented not only the down-regula-
tion of dopamine, DOPAC and HVA contents in the
striatum, but also the up-regulation of MDA content.
These findings indicate that MnTDM has a protective
effect against MPTP-induced neurotoxicity in mice.

Brain is particularly sensitive to oxidative stress-
mediated damage due to high oxygen consumption. It is
well known that antioxidant defense systems exist in a
balance with endogenous reactive oxygen species under
normal condition. Disruption of this balance appears to
be one of the major factors involved in the selective
neuropathogenesis associated with PD''", Other factors
that exacerbate this sensitivity are the presence of au-
tooxidizable neurotransmitters and a high concentration
of polyunsaturated fatty acids in neuronal membranes.
Furthermore, the brain has only low level of endoge-
nous antioxidants to protect itself from oxidative dam-
age. Studies have shown that excitotoxicity ( neuronal
death resulting from excessive stimulation of glutamate
receptors) could lead to increased production of ROS,
which is a key pathological process in neurological dis-
orders. Mice that lack SOD2 develop a fatal neurode-
generative phenotype that can be rescued by catalytic

antioxidants'?

. Moreover, mice overexpressing SOD2
are protected from excitotoxic injury induced by kain-
ate, whereas heterozygous SOD2 knockout mice showed
exacerbated damage™®.

MPTP is a lipophilic molecule able to cross the
blood-brain barrier (BBB). MPTP exposure can cause

irreversible and severe parkinsonism clinically and

pathologically similar to idiopathic PD,:. e. marked re-
duction in the dopaminergic neurons within the sub-
stantia nigra compacta (SNc¢) and decrease in striatal
tyrosine hydroxylase (TH) activity and dopamine lev-
el"™. Although the precise mechanisms by which
MPTP destroys dopaminergic neurons remain contro-
versial, the toxic effects of MPTP appear to depend on
its biotransformation to N-methyl-4-phenylpyridinium
(MPP") by monoamine oxidase (MAQO). The genera-
ted MPP" was shown to be taken up by the dopamin-
ergic neurons wvia the dopamine re-uptake system, a
process that can be blocked by DA uptake blockers. It
has been suggested that ROS may be generated during
the conversion of MPTP to MPP" ; this is supported
by the increased superoxide(Q. ) and hydroxyl radical
(+ O™ concentrations during the biotransforma-
tion of MPTP. Further supporting evidence included
that pretreatment of mice with diethyldithiocarbamate,
a SOD inhibitor, enhanced MPTP-induced neurotoxici-
ty, whereas transgenic mice overexpressing human
Cu,Zn-SOD with increased SOD activity, were reported

to be more resistant to MPTP than non-transgenic

[16

mice-™
As a catalytic SOD/ catalase mimetic, MnTDM can
scavenge a wide range of ROS, not only O, and
H, O, ,but also peroxynitrite(ONOO™ ) and lipid per-
oxyl radicals as well. The newly developed series
(MnTDM) of metalloporphyrins are small molecule
antioxidant analogous to the catalytic site of SOD; they
show much higher SOD and catalase activities and
much higher potencies as inhibitors of lipid peroxida-
tion than native Cu,Zn-SOD. The high solubility of the
series is expected to allow these compounds to better
penetrate the BBB and therefore be more bioavail-
able"’ ™ In this study, the administration of MnTDM
prevented MPTP-induced up-regulation of MDA, sug-
gesting that ROS acts in the upstream of the dopaminer-
gic neurons loss pathway following exposure to MPTP.
In conclusion, PD character and biochemical re-
sponse induced by MPTP involve an exaggerated for-
mation of ROS and can be antagonised by pretreatment
with the SOD mimetic MnTDM at low concentration
(15 mg/kg). Our findings provide a novel and poten-
tially valuable approach for studying the oxidative

process in neurodegenerative disorders,including PD.
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mantine on lipid peroxidation following closed-head trauma in

[REFERENCES] rats[ J]. Neurosurg Rev,2005,28;143-147.

(1] Kato H, Araki T Imai Y, Takahashi A, Ttoyama Y. Protection [10] Abdel-Wahab M H. Potential neuroprotective effect of t-butyl-
hydroquinone against neurotoxicity-induced by 1-methyl-4-(27-
methylphenyl)-1,2,3,6-tetrahydropyridine (2’-methyl-MPTP)
in mice[ J]. ] Biochem Mol Toxicol,2005,19;32-41.

[11] Calabrese V, Lodi R, Tonon C, D’Agata V. Sapienza M,

of dopaminergic neurons with a novel astrocyte modulating
agent(R)-(—)-2-propyloctanoic acid(ONO-2506) in an MPTP-
mouse model of Parkinson’s disease[ J]. ] Neurol Sci,2003,208
(1-2) :9-15.

) S ini G,et al. Oxidative stress, mitochondrial dysfuncti
[2] Perry ] C,Da-Cunha C,Anselmo-Franci J, Andreatini R, Miyo- capagnint . ¢t al. xidative stress. mitochondrial dystunction

and cellular stress response in Friedreich’s ataxia [J]. ] Neurol
Sci,2005,233(1-2) : 145-162.
[12] Morten K J, Ackrell B A, Melov S. Mitochondrial reactive oxygen

shi E, Tufik S, et al. Behavioural and neurochemical effects of
phosphatidylserine in MPTP lesion of the substantia nigra of

rats[ J]. Eur J Pharmacol,2004,484(2-3) :225-233.
species in mice lacking superoxide dismutase 2 attenuation via an-

tioxidant treatment[ ] ]. J Biol Chem,2006,281:3354-3359.
[13] Liang L P,Ho Y S,Patel M. Mitochondrial superoxide produc-

[3] Alcaraz-Zubeldia M, Montes S, Rios C. Participation of manga-
nese-superoxide dismutase in the neuroprotection exerted by
copper sulfate against 1-methyl-4-phenylpyridinium neurotoxic-
ity[J7. Brain Res Bull,2001.,55.:277-279.

[4] Crow J P,Calingasan N Y,Chen J,Hill J L,Beal M F. Manga-

tion in kainate-induced hippocampal damage[ ]J|. Neuroscience,
2000,101:563-570.

L. [14] Collier T J,Lipton J,Daley B F,Palfi S, Chu Y, Sortwell C, et al.
nese porphyrin given at symptom onset markedly extends sur-

vival of ALS mice[ J]. Ann Neurol,2005,58:258-265.
[5] Chalimoniuk M, Snoek G T,Adamczyk A, Malecki A, Stroszna-

Aging-related changes in the nigrostriatal dopamine system and the
response to MPTP in nonhuman primates: diminished compensatory
mechanisms as a prelude to parkinsonism[ J ]. Neurobiol Dis, 2007,
26:56-65.

[15] Obata T. Nitric oxide and MPP" -induced hydroxyl radical gen-
eration [ J]. ] Neural Transm,2006,113:1131-1144.

[16] Vaglini F,Pardini C, Viaggi C, Bartoli C, Dinucci D, Corsini G

jder T B. Phosphatidylinositol transfer protein expression al-
tered by aging and Parkinson disease [J]. Cell Mol Neurobiol,
2006,26(7-8) :1153-1166.

[6] Okuda K,Kotake Y,Ohta S. Parkinsonism-preventing activity of 1-
methyl-1,2,3,4-tetrahydroisoquinoline derivatives in C57BL mouse
in vivo[ J]. Biol Pharm Bull,2006,29:1401-1403.

[7] Haobam R,Sindhu K M,Chandra G, Mohanakumar K P. Swim-

U. Involvement of cytochrome P450 2E1 in the I-methyl-4-phe-
nyl-1,2, 3, 6-tetrahydropyridine-induced mouse model of Par-
kinson’s disease[ ] ]. J Neurochem,2004,91:285-298.

[17] Orrell R W. AEOL-10150 ( Aeolus) [J]. Curr Opin Investig
Drugs. 2006 ,7 ;70-80.

[18] Sheng H. Spasojevic I, Warner D S, Batinic-Haberle 1. Mouse

test as a function of motor impairment in MPTP model of Par-
kinson’s disease:a comparative study in two mouse strains[ J].
Behav Brain Res,2005,163:159-167.

[8] Kaymaz M, Emmez H,Bukan N, Dursun A, Kurt G, Pasaoglu
H, et al. Effectiveness of FK506 on lipid peroxidation in the spi- spinal cord compression injury is ameliorated by intrathecal cat-

ionic manganese ( [[l ) porphyrin catalytic antioxidant therapy

[J]. Neurosci Lett,2004,366:220-225.

nal cord following experimental traumatic injury [ J]. Spinal
Cord,2005,43:22-26.

[9] Ozsuer H,Gorgulu A,Kiris T,Cobanoglu S. The effects of me- (Editor] SUN Yan

AN & ¥ % MPTP -SRI 0H & 5% /R A B 6 1E F

7Y S A

7.

M R SR AR, R, L% RN R
1. FS R A mRl# SHE AR, B 200092

2. R R= B F5 B4 Bi, [ 200092

3. [R)BF K 2 B 2 B BB B 2 Bt =, i 200092

4. R LT+ AR E B SR, L 200072

=

(=] 8 &0 24 v % & 4 [ manganese( [ ) meso-tetrakis(N, N'-diethylimidazolium-2-yl) porphyrin, MnTDM ] 1- ¥
FH-4-K#-1,2,3,6-1 Ak % (1-methyl-4-phenyl-1,2,3,6- tetrahydropyridine, MPTP) ¥ % # 2 3 1 4 5 £ A /N R i 17 6 %
ROEWE Ty ERANA ., Fek: C57BL/6 BRI A A MPTP 4 A 4 (3% 4 3 d B TFiE 4 25 mg/kg MPTP) . MnT-
DM+MPTP # (F MPTP £ 4437 1 h & T 4 15 mg/kg MnTDM) Bl % MnTDM f ¥ 41 4 B4 A B4, 54 10 R, K%
ESE S 3 H IEATICAT A i vk £ 4T F 4 0 HPLC-ECD 3% # Ml & 4 /N R 8CR & % B % (dopamine, DA) & 2 R 3# 7= 4 3,4-=
£ ¥ K 0% (DOPAC) f & F ¥ 8 (HVA) A F 5 iR Bt F 8 (thiobarbituric acid, TBA) 3 il & % 41 /M K 80K 8 W = B (malon-
dialdehyde, MDA) A& F, £ F: & Wi 4t MPTP 7 # 5r 2 8 i 4 F % /N R A 5 3t B 4048 b, MPTP 41 /8 R 80K 7k DA,
DOPAC.HVA AT ¥ & T ¥ (P<<0.01) . MDA A F ¥ & A& (P<0.05); B A NRATHZFHATEHF A, ManTDM f #



1ML BRF LSRRGS S WX MPTP i 5 A A 42 2% /0 B Bl A 16 41 -

4% MPTP 8 £ A ; 5§ MPTP 44t , MnTDM+ MPTP 41 /) | 80k & DA, DOPAC.HVA K F 8 £ k7, MDA K F
R THPH<0.05), $ANREATHFHFRL AT F£R, 4#&: MaTDM WS R L AN R3S Bk S3 R
AWt MPTP F S WA R RN R A —EWHEER.

[EgA] WA HRK MPTP;E & &4 410N %

[FE4ERS] R742.5 [X#trER] A [XEHS] 0258-879X(2008)01-0036-06



