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Therapeutic effects of injections of Graphene quantum dots
in a A53T overexpressed Parkinson’s disease rat model
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Figure 1. Animal preparation for a PD rat model:-----------+-eeeeeeene. 13
Figure 2. Intraperitoneal injection of graphene quantum dots ----------coeoeeeeeeeeeee 14
Figure 3. Subjects and experimental timelime:-------------ooooeeen 15
Figure 4. Adjusting StePPing test -+« --crereeeerrr 16
Figure 5. Immunofluorescent staining of TH, Iba-1 and a-Syn ----------cooeeeeeeeeee 17
Figure 6. Immunofluorescent staining and analysis -« ----oooeeereen 18
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Fig. 1. Animal preparation for a PD rat model
The Stereotactic injection of AAV containing human mutated A53T-aSyn into the unilateral

substantia nigra for a PD rat model

AAV= Adeno associated virus; PD= Parkinson’s disease
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Fig. 2. Intraperitoneal injection of graphene quantum dots

PD rat models were injected, intraperitoneally, graphene quantum dots by two different

volumes (high dose or low dose) for 10 days after stereotactic AAV-AS3T injection.

AAV-A53T= Adeno associated virus which is containing human mutated A53T-aSyn
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Group3: AAV-A53T + LD graphene (LD graphene, n=6)

Fig. 3. Subjects and experimental timeline

Rats were divided into three groups. Group 1(PD control) is defined a group of rats without
an injection of graphene quantum dots. Group 2(HD graphene) is defined a group of rats that
were injected by high dose-graphene quantum dots at 2weeks after AAV-AS3T injection.
Group 3(LD graphene) is defined a group of rats, which were injected by low dose graphene
quantum dots at 2 weeks after AAV-AS53T injection. All the groups were performed the

adjusting stepping test at pre- and 2,3,4 weeks after AAV-AS53T injection.

PD= Parkinson’s disease; HD= High dose; LD= Low dose
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Fig. 4. Adjusting stepping test

A rat of groups was performing the adjusting stepping test after AAV- AS3T injection (A)
The scores of the contralateral adjusting steps were significantly higher in HD graphene and
LD graphene group than in PD control group at 1,2 weeks after graphene treatment (3,4
weeks after AAV-AS53T injection) (B, *p < 0.05). The scores of the ipsilateral adjusting steps

were not distinct among the groups (C), compared with contralateral steps and its ratio(D).

AAV-A53T= Adeno associated virus which is containing human mutated A53T-aSyn

PD= Parkinson’s disease; HD= High dose; LD= Low dose
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Fig. 5. Immunofluorescent staining (1)

All groups of rats underwent post-mortem immunofluorescent staining at 31 days after AAV-
AS53T injection. Three anti-bodies were used for immunofluorescent staining and they were
viewed through the confocal microscope. (Magnification 200X)

*TH represents a dopaminergic neuronal marker.

*Iba-1 represents an inflammatory microglia marker.

*a-Syn represents antibody for a-synuclein, which is a main pathogenetic factor of
Parkinson’s disease

*Tagged a-Syn; Overexpressed a-synuclein was strongly detected by GFP, which was
induced in the presence of AAV-promoter-A53T-GFP viral vector, before immunofluorescent

staining was performed.

AAV-A53T= Adeno associated virus which is containing human mutated A53T-aSyn

TH= tyrosine hydroxylase; a-Syn= a-synuclein; GFP= green fluorescent protein
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Fig. 6. Immunofluorescent staining (2)

Immunofluorescent staining of TH of ipsilateral side showed greater staining in the HD
graphene & LD graphene groups than in PD control group. The number & cell survival rate
of TH positive neurons were significantly higher values in the both graphene groups than in
PD control group (Fig. 5, 6-A, B) (* p < 0.05). In contrast, immunofluorescent staining of a-
Syn of ipsilateral side showed lesser staining in the HD graphene & LD graphene groups
than in PD control group. The similar pattern of results was presented by tagged a-Syn,
which was detected by GFP (Fig. 5, 6-D) (* p < 0.05). Immunofluorescent staining of Iba-1

was not distinct among the groups (Fig. 5, 6-C).

TH= tyrosine hydroxylase; PD= Parkinson’s disease; HD= High dose; LD= Low dose;

a-Syn= a-synuclein; Iba-1= inflammatory microglia marker; GFP= green fluorescent protein
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Abstract

Accordingly with the aging society, the prevalence of Parkinson's disease is increasing for

the previous decades. However, the treatment is still limited to levodopa and deep brain
stimulation, which have risks and side effects. There is a need for a safer new treatment
through a pathophysiological approach, and in this regard, the new treatment of Parkinson's
disease was attempted through administration of graphene quantum dots(GQDs).
This study inducted animal models of Parkinson's disease in 21 rats, which were injected the
mutant virus (AAV-A53T) overexpressing a-synuclein, ipsilaterally into the right midbrain
substantia nigra to induce a-synucleinopathy, as a main pathophysiology of Parkinson's
disease. At two weeks after stereotactic AAV-AS53T injection, GQDs was administered into
the intraperitoneal space of rats by different doses (1mg/day or 0.5mg/day or none) for 10
days. They were divided into three groups (Parkinson’s disease control(PD control, n=8),
high-dose graphene quantum dots(HD graphene, n=7), and low-dose graphene quantum
dots(LD graphene, n=6)). The behavioral test was performed at pre- and 2, 3, 4 weeks after
AAV-AS53T injection, respectively, to confirm the underlying condition and to evaluate the
animal model of Parkinson's disease and the therapeutic effect of GQDs. The therapeutic
effect was verified through post-mortem immunofluorescent staining at 31 days after AAV-
AS53T injection, and three types of anti-bodies were used for immunofluorescent staining;
tyrosine hydroxylase(TH, dopaminergic neuronal marker), Iba-1(inflammatory microglia
marker) & a-Syn(a-synuclein).

In the behavioral test, all groups showed a reduced number of contralateral steps of the
lesion at 2 weeks after AAV-AS53T injection, compared with the underlying state. HD & LD
graphene groups showed the statistically significant improvement of contralateral steps of
the lesion at 3,4 weeks after AAV-AS53T injection(=1,2 weeks after graphene injection),
compared with that of PD control group (*p<0.05).

In immunofluorescent staining, the lesions of the PD control group were more expressed

by a-Syn than that of the opposite side. However, the lesions of HD & LD graphene groups
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showed a reduced a-syn expression than that of PD control group, to reveal therapeutic effect
to a-synuclein (*p<0.05). In TH staining, the lesions of HD & LD graphene groups showed
an increased expression than that of the PD control group (*p<0.05), and in Iba-1 staining,
no significant change was confirmed on the lesions in all three groups.

This study confirmed that GQDs was effective in treating Parkinson's disease through a rat
model of Parkinson's disease, which was made by injection of the AS3T mutant virus (AAV-
AS53T) overexpressing a-synuclein protein, the main cause of neuroinflammation of

dopamine-secreted neurons, into the substantia nigra.
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