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6-Shogaol, an active compound of ginger, protects
dopaminergic neurons in Parkinson’s disease models

via anti-neuroinflammation
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Aim: 6-Shogaol [1-(4-hydroxy-methoxyphenyl)-4-decen-one], a pungent compound isolated from ginger, has shown various neurobio-
logical and anti-inflammatory effects. The aim of this study was to examine the effects of 6-shogaol on neuroinflammatory-induced
damage of dopaminergic (DA) neurons in Parkinson’s disease (PD) models.

Methods: Cultured rat mesencephalic cells were treated with 6-shogaol (0.001 and 0.01 ymol/L) for 1 h, then with MPP* (10 uymol/L)
for another 23 h. The levels of TNF-a and NO in medium were analyzed spectrophotometrically. C57/BL mice were administered
6-shogaol (10 mgkg™d™?, po) for 3 d, and then MPTP (30 mg/kg, ip) for 5 d. Seven days after the last MPTP injection, behavioral test-
ings were performed. The levels of tyrosine hydroxylase (TH) and macrophage antigen (MAC)-1 were determined with immunohis-
tochemistry. The expression of iNOS and COX-2 was measured using RT PCR.

Results: In MPP*-treated rat mesencephalic cultures, 6-shogaol significantly increased the number of TH-IR neurons and suppressed
TNF-oc and NO levels. In C57/BL mice, treatment with 6-shogaol reversed MPTP-induced changes in motor coordination and bradyki-
nesia. Furthermore, 6-shogaol reversed MPTP-induced reductions in TH-positive cell number in the substantia nigra pars compacta
(SNpc) and TH-IR fiber intensity in stratum (ST). Moreover, 6-shogaol significantly inhibited the MPTP-induced microglial activation and
increases in the levels of TNF-o, NO, iNOS, and COX-2 in both SNpc and ST.

Conclusion: 6-Shogaol exerts neuroprotective effects on DA neurons in in vitro and in vivo PD models.
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Introduction

Microglial cells, resident immune cells in the brain, play
important roles in the onset of neuroinflammatory responses
in the central nervous system and are readily activated during
most neuropathological conditions!". Microglial activation
involves cell proliferation and migration to the injury site,
increased expression of immunomodulators, and ultimately
cell transformation into phagocytes that are capable of clearing
damaged cells and debris™
mote neuronal injury through the release of proinflammatory
and cytotoxic factors, including tumor necrosis factor (TNF)-a,
nitric oxide (NO), inducible nitric oxide synthase (iNOS), and

. Activated microglia can also pro-
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cyclooxygenase-2 (COX-2)Pl. Chronic microglial activation has
been implicated in the neuronal destruction associated with
neurodegenerative diseases such as Alzheimer’s disease and
Parkinson’s disease (PD)™?. Thus, the activation of regulatory
mechanisms is essential to avoid the escalation of central ner-
vous system inflammatory processes!”. This may be possible
through the identification of therapeutic agents that target
over-activated microglia and the determination of their under-
lying anti-neuroinflammatory mechanisms.

Previous studies have shown that 6-shogaol [1-(4-hydroxy-
methoxyphenyl)-4-decen-one], a pungent compound isolated
from ginger, has various neurobiological and anti-inflamma-
tory effects(Figure 1)P7L. Tt reduced cell death and restored
motor function in rat spinal cord injury, attenuated dopamine
depression in response to 6-hydroxydopamine, and pre-
vented the proliferation of glial cells via an increase of brain-
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Figure 1. Chemical structure of 6-shogaol.

derived neurotrophic factor in lipopolysaccharide-treated
astrocytes®. This compound has been shown to protect hip-
pocampal neurons via an increase in choline acetyltransferase
and the choline transporter™™. In in vitro and in vivo inflamma-
tory models, 6-shogaol protected microglia against lipopoly-
saccharide-induced toxicity by inhibiting the production of
NO, prostaglandin E, and proinflammatory cytokines such as
TNF-a and interleukin-1p via the downregulation of COX-2,
iNOS, p38 mitogen-activated protein kinase, and nuclear fac-
tor kappa B (NF-kB) expression'”. Moreover, 6-shogaol exhib-
ited neuroprotective effects via the inhibition of microglia in
an in vivo model of transient global ischemia”. However, no
studies have investigated its effects on neuroinflammatory
damage in dopaminergic neurons using a PD model.

Therefore, this study examined the protective effects of
6-shogaol against 1-methyl-4-phenylpyridinium (MPP")- or
1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)-induced
movement impairment and dopaminergic neuron death using
behavioral tests and immunohistochemical analysis of primary
mesencephalic cells in a PD model. The ability of 6-shogaol
to repress microglial activation and its possible underly-
ing mechanisms were investigated by assessing the levels of
TNF-a, NO, iNOS, and COX-2.

Materials and methods

Materials

6-Shogaol was purchased from Wako Pure Chemical (Osaka,
Japan). Fetal bovine serum (FBS), penicillin, and streptomycin
were purchased from Hyclone Laboratories Inc(Logan, UT,
USA). Minimum essential medium (MEM) were purchased
from Gibco Industries Inc (Auckland, New Zealand). MPP”,
MPTP, poly-L-lysine (PLL), glucose, glutamine, sodium
nitrite (NaNO,), phosphoric acid, naphthylethylene diamide,
sulfanilamide, paraformaldehyde (PFA), 3,3’-diaminoben-
zidine (DAB), phosphate buffer (PB), phosphate buffered
saline (PBS), glycerin, ethylene glycol, Triton X-100, dimethyl
sulfoxide (DMSO) were purchased from Sigma-Aldrich (St
Louis, MO, USA). Rabbit anti-tyrosine hydroxylase (TH)
affinity-purified polyclonal antibody and rat anti-macrophage
antigen (MAC)-1 monoclonal antibody were obtained from
Chemicon International Inc (Temecula, CA, USA). Biotiny-
lated anti-rabbit and rat antibodies, normal goat serum, and
avidin-biotin peroxidase complex (ABC) standard kit were
purchased from Vector Laboratories (Burlingame, CA, USA).
Rat TNF-a assay kit, Trizol reagent, and moloney murine leu-
kemia virus (MMLV) reverse transcriptase were purchased
from Invitrogen Life Technologies (Carlsbad, CA, USA) and
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QuantiTect SYBR Green PCR kit was purchased from Qiagen
(Valencia, CA, USA). Zoletil was purchased from Virbac (Car-
ros, France). iNOS, COX-2, and glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) in oligonucleotide primers were
purchased from Bioneer (Daejeon, Korea). The other reagents
used were of guaranteed or analytical grade.

Primary cultures of rat mesencephalic cells

The cell cultures were prepared from the ventral mesencepha-
lons of 14-day embryos of timed pregnant Sprague-Dawley
rats (Orient Bio, Osan, Korea). Briefly, after the mesencepha-
lons were dissected, collected, and dissociated, the cells were
seeded onto PLL pre-coated cover slips in 24-well plates at a
density of 1.5x10° cells/well in MEM supplemented with 6.0
g/L glucose, 2 mmol/L glutamine and 10% FBS. Cultures
were maintained in a water-saturated atmosphere of 5% CO,
at 37°C. Seven-day-old cultures were used for treatment.
The composition of the cells at the time of treatment was 45%
astrocytes, 5% microglia and 50% neurons with 6% of the
neurons being dopaminergic neurons. The cells were treated
with 6-shogaol (0.001 and 0.01 pmol/L) for 1 h and then with
10 pmol/L MPP" for an additional 23 h. After culture super-
natants were collected separately, the treated cells were fixed
with 4% PFA for 30 min at room temperature for immunohis-
tochemistry (IHC).

Measurement of extracellular NO and TNF-a

The accumulated level of NO in culture supernatants was
measured using the colorimetric reaction with the Griess
reagent for 10 min at room temperature in a dark. Absor-
bance was measured at a wavelength of 570 nm using a
spectrophotometer (Versamax microplate reader; Molecular
Devices, Sunnyvale, CA, USA) and concentrations of NO was
determined by NaNO, standard curve. TNF-a assay was per-
formed according to the each manufacturer's protocol using
culture supernatants. Briefly, levels of TNF-a were measured
using spectrophotometer at 450 nm, and then data were
expressed as standard curves of TNF-a (pg/mL).

Animals and treatment

Male C57BL/6 mice at 7 weeks of age, weighing 22-23 g, were
purchased from the Samtako Co, Ltd (Osan, Korea). Animals
were housed 10 per cage, were allowed access to water and
food ad libitum, and were maintained at a constant tempera-
ture (23+1°C) and humidity (60%%10%) under a 12-h light/
dark cycle (light on 07:30-19:30). Animal treatment and main-
tenance were carried out in accordance with the Principle of
Laboratory Animal Care (NIH publication No 85-23, revised
1985) and with the Animal Care and Use Guidelines of Kyung
Hee University, Korea. Animals were assigned into three
groups; (1) control group (n=10), (2) MPTP group (1n=10), and
(3) MPTP+6-shogaol group (n=10). MPTP (30 mg-kg'-d”, ip)
dissolved in normal saline were administered for 5 d. Also,
following the optimal dosage conditions used in previously
published study, 6-shogaol (10 mg-kg'-d", po) dissolved in
10% DMSO was administered for the last 3 d of MPTP treat-
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ment. MPTP was injected two hours after 6-shogaol treatment
and equal volumes of vehicles were given to the control and
MPTP groups.

Behavioral test

The pole test is a useful method in mice PD model to measure
bradykinesia. We performed the pole test on the seventh day
after the last MPTP injection. The mice were held on the top
of the pole (diameter 8 mm, height 55 cm, with rough surface).
The time that mice needed to turn down completely and climb
down and four feet reached the floor was recorded. Each trial
had the cut-off limit of 30 s.

Brain tissue preparation

The mice were anesthetized with Zoletil 50° (10 mg/kg, im)
and transcardially perfused with 100 mmol/L PB (pH 7.4)
followed by ice-cold 4% PFA. Their brains were isolated and
post-fixed in PB(50 mmol/L, pH 7.4) containing 4% PFA over-
night, immersed in a solution containing 30% sucrose in 50
mmol/L PBS and stored at 4 °C until sectioning. The frozen
brains were coronally sectioned on a cryostat at 30 pm and
then stored in a storage solution at 4 °C.

Immunohistochemistry

Free floating sections or mesencephalic cells on cover slips
were incubated in PBS containing anti-TH antibody (1:2000
dilution) or anti-MAC-1 antibody (1:1000 dilution), 0.3%
Triton X-100, 0.5 mg/mL bovine serum albumin at 4°C for
24 h. They were then incubated for 90 min with biotinylated
secondary antibody (1:200 dilution), followed by incubation
in ABC solution for 1 h at room temperature. The color was
developed with DAB. After every incubation step, they were
washed three times with PBS. The mesencephalic cells on
cover slips were mounted on gelatin-coated slides and air
dried. The free floating brain tissue sections were mounted on
gelatin-coated slides, dehydrated with an ascending alcohol,
cleared with xylene, and cover slipped using Histomount™
(National Diagnostics, Atlanta, GA, USA). Quantifications of
the effects in primary mesencephalic dopaminergic cells were
performed by counting the TH-immunoreactive (TH-IR) cells
in entire areas of five wells of each group at X100 magnifica-
tion and by measuring TH-IR in ten representative areas per
well in five wells of each group at X200 magnification. Quan-
tification of effect in brain tissue sections were performed by
counting the numbers of the TH-IR cells in the substantia nigra
pars compacta (SNpc) and measuring the optical intensity of
TH-IR fibers in striatum (ST) at X100 and x40 magnifications,
respectively, using Stereoinvestigator software (MBF Biosci-
ence Inc, Williston, VT, USA) and then presented as a percent
of the control group values. The images were photographed
with a research microscope (BX51T-32F01; Olympus Corpora-
tion, Tokyo, Japan)

Western blot analysis
For the detection of TH, MAC-1, iNOS, and COX-2 proteins,
the SNpc or ST tissues were lysed. The lysates were separated

by 10% SDS-PAGE, and were then transferred to a membrane.
The membranes were incubated with 5% skim milk in TBST
for 1 h. Then they were incubated with rabbit anti-TH, MAC-
1, iNOS (1:500 dilutions), mouse anti-p-actin (1:3000 dilutions),
and goat anti-COX-2 (1:250 dilutions) primary antibody over-
night at 4°C, followed by incubation with HRP-conjugated
anti-mouse and rabbit IgG for 1 h, respectively. Immunore-
active bands were detected using an ECL detection kit and a
LAS-4000 mini system (Fujifilm Corporation, Tokyo, Japan)
was used for visualization. The intensities of the bands were
normalized to the B-actin band intensity using Multi Gauge
software (Fujifilm Corporation, Tokyo, Japan).

Reverse transcriptase (RT) real-time polymerase chain reaction
(PCR)

Total RNA was isolated using Trizol reagent according to the
manufacturer’s protocol. RNA (1 pg) was reverse-transcribed
in 20 pL reaction mixture using MMLYV reverse transcriptase.
For real-time PCR, cDNAs (0.2 pL) were amplified using a
QuantiTect SYBR Green PCR kit in a Rotor-Gene 3000 (Corbett
Research, Sydney, Australia). The cycle profile used was an
initial denaturation at 95°C for 10 min followed by 40 cycles
of at 95°C for 15 s, 60°C for 10 s, and 72°C for 20 s. As a con-
trol for normalizing sample loading, PCR amplification of the
housekeeping gene GAPDH was included for each sample in
each run. Nucleotide sequences of the primers were based on
published cDNA sequences of mouse iNOS (iNOS forward,
5-GGCAACATCAGGTCGGCCATTACTG-3’; iNOS reverse,
5-GGAACCACTCGTACTTGGGATGCTC-3), COX-2 (COX-2
forward, 5-CCGTGGTGAATGTATGAGCA-3’; COX-2
reverse, 5-GATTGACAGCCCACCAACTT-3"), and GAPDH
(GAPDH forward, 5-TGTCAACGGATTTGGCCGTATT-
GGC-3’; GAPDH reverse, 5'-GAAGACGCCAGTAGACTCCA-
CGAC-3'). Fluorescence measurements were obtained online
and were analyzed with Rotor-Gene 3000 software (ver 6.0;
Corbett Research). Gene expression was quantitated using the
comparative threshold cycle method as described.

Statistical analysis

All statistical parameters were calculated using GraphPad
Prism 4.0 software (GraphPad Software Inc, San Diego, CA,
USA). Values were expressed as the meantstandard error
of the mean (SEM). The results were analyzed by one-way
analysis of variance. Differences with a P-value less than 0.05
were considered statistically significant.

Results

Effect of 6-shogaol against MPP*-induced neurotoxicity in
primary rat mesencephalic culture

To assess the protective effects of 6-shogaol on dopaminer-
gic neurons, we counted TH-IR neurons. Treatment with
MPP" reduced the number of TH-IR neurons to 63.14%%3.61%
compared to the control group. However, 6-shogaol treat-
ment at 0.001 and 0.01 pmol/L prevented dopaminergic cell
loss induced by MPP" toxicity, showing 84.53%+1.21% and
98.37%=%10.27% of the control group (Figure 2).

Acta Pharmacologica Sinica



www.nature.com/aps
Park G et al

®

1134

Effect of 6-shogaol on MPP*-induced production of neuroinflam-
matory factors in primary mesencephalic culture

To investigate the effect of 6-shogaol on inflammatory
response induced by MPP" toxicity, we examined levels of
NO and TNF-a using cell supernatants. In this study, MPP'-
treated group showed significant increase of NO and TNF-a
levels to 122.44%+0.04% and 170.20%+25.43% compared
to the control group, respectively. In contrast, treatment
with 6-shogaol at 0.001 and 0.01 pmol/L dose-dependently
suppressed the increased levels, from 78.95%+6.05% to
73.65%%8.60% and from 56.05%+11.65% to 14.65%%9.19% com-
pared to the control group, respectively (Figure 3).

Effects of 6-shogaol on MPTP-induced movement impairment of
mice

To examine the effects of 6-shogaol against MPTP neurotox-
icity, we measured movement impairment using the pole
tests. In this study, T-turn and T-LA were significantly pro-
longed to 164.44%+9.95% and 127.86%%3.51% compared with
the control group, respectively. However, T-turn and T-LA
were significantly shortened in the MPTP+6-shogaol group to
108.02%%5.50% and 105.01%+3.51% compared with the control
at dose 10 mg/kg (Figure 4).

Effects of 6-shogaol on MPTP-induced dopaminergic neuronal
loss in the SNpc and ST

To confirm the effects of 6-shogaol on dopaminergic damage,
we performed TH-IHC in the SNpc and ST. In the MPTP-only
treated mice, the number of TH-positive cells in the SNpc and
the optical intensity in the ST were decreased to 76.77%+3.42%
and 74.72%%2.14% compared with the control group, respec-
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Figure 3. Inhibitory effects of 6-shogaol on MPP*-induced neuro-
inflammatory factors in primary mesencephalic cells. After the cells were
treated with 6-shogaol and/or MPP”, the culture supernatant was used to
measure NO (A) and TNF-a levels (B). Values are indicated as mean+SEM.
°P<0.01 compared with the control group. 'P<0.01 compared with the
MPP*-only treated group.

tively. However, these values are significantly increased
by 6-shogaol 10 mg-kg'-d" treatment as 90.42%+1.81% and
88.78%+1.16% compared with the control group (Figure 5).

Figure 2. The protective effects of 6-shogaol against MPP"-induced
neurotoxicity in primary mesencephalic cells. Cells were treated with
6-shogaol for 1 h and then exposed to MPP" for a further 23 h. After the
cells were fixed and stained, the number of tyrosine hydroxylase (TH)-
immunoreactive neurons was measured (A). Representative images
of experiments are shown (B). Scale bar=50 ym. Values are indicated
as mean+SEM. °P<0.01 compared with the control group. ‘P<0.01
compared with the MPP*-only treated group.
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Figure 4. Inhibitory effects of 6-shogaol on MPTP-induced movement
impairment in a mouse PD model. Saline or 6-shogaol (10 mg/kg; po) was
administered to mice once per day for 3 d, and then MPTP (30 mg/kg)
was injected intraperitoneally for 5 d. Seven days after the last MPTP
injection, the time required for the mouse to turn completely downward (A,
T-turn) and the time required to arrive at the floor (B, T-LA) were recorded,
using a cut-off limit of 60 s. Values are indicated as mean+SEM. °P<0.01
compared with the control group. "P<0.01 compared with the MPTP-only
treated group.

Effects of 6-shogaol on MPTP-induced microglial activation and
iNOS and COX-2 expression in mice

To examine whether 6-shogaol affects microglial activation,
we performed IHC using MAC-1 antibody. In this study,
MPTP-treated group showed increase of activated microglia
in the SNpc and ST to 465.66%%23.38% and 370.26%+12.29%
of MAC-1-IR optical intensity compared to the control group,
respectively. However, 6-shogaol inhibited the MPTP-
induced microglial activation in the SNpc and ST, showing
342.95%+21.67% and 284.22%+19.16% of MAC-1-IR opti-
cal intensity, respectively, compared to the MPTP-treated
group (Figure 6). In addition, we measured iNOS and
COX-2 expression levels which are released by inflamma-
tory signal using real time RT-PCR and Western blot analy-
sis. MPTP-treated group had significantly increased level of
iNOS by 29.30%+5.30% and 36.20%+6.10% of the control and
1237.32%=%78.43% and 770.66%=%38.40 % of the control in the
SNpc and the ST, respectively. In contrast, treatment with
6-shogaol suppressed it to 12.90%+4.30% and 13.40%%5.50%
of the control and 799.71%+51.14% and 695.87%+34.84% of
the control, respectively. Similar to the result of iNOS, COX-2
is excessively expressed by MPTP toxicity, by 34.90%+5.50%
and 40.70%+5.90% of the control and 406.63%+22.72%
and 134.10%£7.49% of the control in the SNpc and the ST
whereas it was suppressed by treatment of 6-shogaol, show-
ing 15.50%+3.90% and 24.10%*4.40% of the control and
245.28%+17.63% and 109.54%+7.87% of the control, respec-
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tively (Figure 7).

Discussion
The present study demonstrated that 6-shogaol protects
against MPTP- or MPP"-induced movement impairment and
neuronal damage by regulating microglial activation and
downstream proinflammatory factors in a mouse model of PD.
To examine the protective effects of 6-shogaol against MPP*
or MPTP neurotoxicity, impairments in movement and altera-
tions of dopaminergic neurons were examined. MPTP, a neu-
rotoxin, is routinely used to induce PD-like neurodegeneration
in experimental animal models™. In the brain, MPTP is con-
verted to the active metabolite MPP" by monoamine oxidase
B within non-dopaminergic cells, after which MPP* enters
dopaminergic neurons via the dopamine transporter™. When
MPP* accumulates in dopaminergic neurons in the SNpg, it
inhibits complex I of the mitochondrial electron transport
chain, ultimately leading to toxic injury and dopaminergic cell

degeneration!.

The loss of dopaminergic neurons is associ-
ated with the onset of motor deficits in which there is a direct
relationship between the extent of dopamine loss and motor
dysfunction™. The present study showed that 6-shogaol treat-
ment significantly improved MPTP-induced motor deficits
and bradykinesia in pole test. Moreover, histological analyses
illustrated that 6-shogaol treatment significantly protected
dopaminergic neurons from this toxicity and resulted in an
increased number of TH-IR cells and the preservation of dop-
aminergic neuronal morphology in rat primary mesencephalic
cells and in mice. Previous studies reported that 6-shogaol
protected neuronal cell against neurotoxicity-induced dam-
agel.

To investigate the protective effects of 6-shogaol against
MPP*- or MPTP-induced activation of microglia and down-
stream proinflammatory factors, the activation of MAC-1 and
levels of TNF-a, NO, iNOS, and COX-2 were examined. The
specific actions of MPP* and MPTP in glial and microglial
activation associated with inflammatory mediator production

[16]

remain ambiguous In the brain, MPTP induces reactive

gliosis, the cellular manifestation of neuroinflammation, as

a common response to neuronal injury!"”!

. Reactive gliosis is
characterized by the activation of either microglia or astroglia,
both of which are able to respond to injury and participate in

pathological events!".

Activated microglial cells contribute to
neuronal degeneration because they produce a broad array of
neurotoxic molecules, including proinflammatory cytokines,
chemokines, and prostaglandins, as well as a large amount of

reactive oxygen and nitrogen species!*?".

The major intrac-
ellular events that may be associated with microglial activa-
tion are the induction of TNF-a and NO and the elevated
expression of COX-2 and iNOS?. In particular, TNF-a may
have a direct damaging effect on dopaminergic neurons by
activating an intracellular death pathway coupled with TNF
receptor-1, which is expressed on the cell surface of dopamine

neurons™ *. Pathways transduced by the activation of TNF
receptor-1 are linked to the induced expression of COX-2%,

Furthermore, these cytokines may stimulate the expression of

Acta Pharmacologica Sinica
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Figure 5. Protective effect of 6-shogaol against MPTP-induced dopaminergic neuron damage in a mouse PD model. Seven days after 6-shogaol and/or
MPTP treatment, tyrosine hydroxylase (TH) tyrosine hydroxylase was detected immunohistochemically. Dopaminergic cells were quantified by counting
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iNOS in microglial cells via the expression and activation of
the low affinity receptor of immunoglobulin E?.. This process
may lead to the production of toxic amounts of NO free radi-
cals, which in turn could potentiate the expression and release
of TNF-a by adjacent microglial cells and thereby further
amplify the inflammatory reaction!">*!. The accumulation
of these factors is thought to contribute to neuronal damage,
particularly in PD®* 7L In the present study, 6-shogaol signifi-
cantly inhibited MPP"-or MPTP-induced microglial activation
and the downstream proinflammatory factors, such as TNF-q,
NO, iNOS, and COX-2. Moreover, previous studies reported
that 6-shogaol inhibited release of NO and the expression of
iNOS induced by lipopolysaccharide. Also, 6-shogaol exerted
its anti-inflammatory effects by inhibiting the production
of prostaglandin E and proinflammatory cytokines, such as
interleukin-1p and TNF-a, and by downregulating COX-2, p38
mitogen-activated protein kinase, and nuclear factor kappa B
expression.

The present study demonstrated that 6-shogaol, a pungent

Acta Pharmacologica Sinica

compound isolated from ginger, protects dopaminergic neu-
rons against MPP'- and MPTP-induced neurotoxicity by inhib-
iting inflammatory pathways. Natural pungent compounds
from plants have been suggested to play a role in protection
via antioxidant, anti-inflammatory, and anti-carcinogenic
activities™ *. For example, various experimental and clini-
cal studies have shown that capsaicin and piperine isolated
from pepper fruits, paradol isolated from Amomum melegueta
Roscoe, and allicin isolated from garlic exhibit the most potent
neuroprotective and anti-inflammatory effects identified for
plant compounds to date®***'. Thus, 6-shogaol may contrib-
ute to a protective action against neuroinflammation in PD,
although this remains to be studied further.

In summary, this study report a neuroprotective effect of
6-shogaol in a PD model: 6-shogaol protected dopaminergic
cells against MPP*- and MPTP-induced neurotoxicity via the
inhibition of neuroinflammatory responses of microglia in a
PD model.
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Figure 6. Inhibitory effect of 6-shogaol on MPTP-induced microglial activation in a mouse PD model. One day after the last MPTP treatment, MAC-1 was
detected immunohistochemically. MAC-1-immunoreactive cells were quantified by counting the number of MAC-1-IR cells and measuring the optical
intensity in the ST(A) and SNpc(B). Representative photomicrographs are shown (C). Scale bar=200 um. Values are indicated as mean+SEM. °P<0.01
compared with the control group. *P<0.05, ‘P<0.01 compared with the MPTP-only treated group.
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