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Abstract

Preventive or therapeutic effects of caffeic acid in brain of
1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) treated mice against inflammatory
injury were examined. Caffeic acid at 0.5, 1 or 2% was supplied either pre-intake or
post-intake for 4 weeks. Brain caffeic acid content was increased by caffeic acid pre-intake
at 1 and 2%, and post-intake at 2% (P<0.05). MPTP treatment enhanced the rel ease of
interleukin (I1L)-1beta, IL-6, tumor necrosis factor (TNF)-apha, IL-4 and I1L-10 (P<0.05).
Pre-intake of caffeic acid decreased the production of test cytokines (P<0.05); however,
post-intake only at 2% reduced the level of IL-1beta, IL-6 and TNF-alpha (P<0.05). MPTP
treatment up-regulated mMRNA expression of inducible nitric oxide synthase (iNOS), neuronal
NOS, cyclooxygenase (COX)-2, glid fibrillary acidic protein (GFAP) and ionized calcium
binding adaptor molecule 1, and increased production of nitric oxide (NO) and prostaglandin
E, (PGEy) (P<0.05). Caffeic acid pre-intake at test doses and post-intake at 2% declined the
expression of INOS, COX-2 and GFAP; and lowered the production of NO and PGE;
(P<0.05). MPTPtreatment suppressed mRNA expression of brain-derived neurotrophic
factor, glia cell line-derived neurotrophic factor and tyrosine hydroxylase (TH), and lowered
dopamine level (P<0.05). Caffeic acid pre-intake retained the expression of these factors,
maintained TH activity and protein production, and dopamine synthesis (P<0.05). These
results suggest that caffeic acid is a potent neuroprotective agent against the development of

Parkinson’s disease.

Keywords. Caffeic acid; Parkinson’s disease; Cytokine; NOS activity; Neurotrophin
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1. Introduction

Neuro-inflammatory process has been considered as an important mechanism
responsible for Parkinson’s disease progression (Hirsch and Hunot, 2009).

Proinflammatory cytokines such as tumor necrosis factor (TNF)-alpha, interleukin (I1L)-1beta,
IL-6, and nitric oxide (NO) are increased in cerebrospinal fluid of patients with Parkinson’s
disease (Mogi et a., 1994; Ferger et a., 2004). Postmortem examination in patients with
Parkinson’s disease reveals aloss of dopaminergic neurons in the substantia nigra associated
with amassive astrogliosis and excessive microglia activation (Hirsch et al., 2003). Glia
fibrillary acidic protein (GFAP) and ionized calcium binding adaptor molecule 1 (Iba-1) are
markers of astrogliosis and microglia activation, respectively. The over-production of these
markers are highly associated with the generation of inflammation associated neurotoxic
molecules such as IL-1beta, TNF-alphaand NO (Little and O'Callagha, 2001; Sugamaet al.,
2009). Inaddition, the elevated activity and expression of inducible nitric oxide synthase
(INOS) and neurona NOS (NNOS) enhance NO formation and deteriorate Parkinson’s
disease (Okuno et al., 2005; Hancock et al., 2008). Thus, there is an increasing interest to
examine the use of appropriate agent(s) to reduce the production of these markersin order to
prevent or improve inflammatory damage in Parkinson’s disease.

Caffeic acid isaphenolic acid naturally occurring in many plant foods such as carrot,
tomato, strawberry and blueberry (Sun et a., 2009; Sochor et a., 2010). Severa in vivo
studies have indicated that this compound possesses anti-inflammatory activities (Yamada et
al., 2006; Chao et d., 2009). Li et a. (2008) observed that caffeic acid, asa
5-lipooxygenase inhibitor, exhibited dopaminergic neuroprotective property. The study of
Vauzour et a. (2008) revealed that caffeic acid could provide protection against

5-S-cysteinyl-dopamine-induced neurotoxicity in mouse cortical neurons.  Those previous
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studies suggested that caffeic acid was a potent dopamine-restorative agent; however, it
remains unknown that caffeic acid could protect brain against Parkinson’s disease associated
inflammatory progression.

1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (M PTP)-induced Parkinson’s disease has
been widely used as a model for investigating effects of anti-Parkinson’s disease agents
(Bezard et al., 2001; Tsai et ., 2010). In this present study, MPTP was used to induce
Parkinson’s disease-like neurotoxicity in mice. Pre-intake and post-intake effects of caffeic
acid at various doses against inflammatory injury in striatum of MPTP-treated mice were
examined. Theimpact of this agent on neurotrophins such as brain-derived neurotrophic
factor (BDNF) and glial cell line-derived neurotrophic factor (GDNF) was determined.
Furthermore, the effects of this agent on striatal level of dopamine metabolites such as

3,4-dihydroxyphenylacetic acid (DOPAC) were also evaluated.

2. Materials and methods
2.1. Animals

Three- to four-week-old male C57BL/6 mice were obtained from National Laboratory
Animal Center (National Science Council, Taipei City, Taiwan). Mice were housed on a
12-h light-12-h dark schedule, and fed with water and mouse standard diet for one week
acclimation. Use of the mice was reviewed and approved by China Medica University
animal care committee. Mice with body weight at 22.3+1.4 g were used in all experiments.
2.2. Experimental design

Caffeic acid (99%) was purchased from Sigma Chemical Co. (St. Louis, MO, USA),

and at 0.5, 1 or 2 g was mixed with 99.5, 99 or 98 g powder diet (PMI Nutrition International
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LLC, Brentwood, MO, USA). In preventive study, caffeic acid at three doses was supplied
to mice for 4 weeks, mice then were treated by daily subcutaneous injection of vehicle saline
or MPTP (24 mg/kg body weight) for 6 consecutive days.  In therapeutic study, mice were
treated by MPTP first, and followed by caffeic acid supplementation for 4 weeks. After
sacrificed by decapitation, brain was quickly removed and the striatum was collected. The
striatum at 0.1 g was homogenized on icein 2 ml of phosphate saline buffer (PBS, pH 7.2)
and the filtrate was collected. Protein concentration of striatal filtrate was determined by a
commercial assay kit (Pierce Biotechnology Inc., Rockford, IL, USA) with bovine serum
abumin asastandard. In al experiments, the sample was diluted to afinal concentration of
1 mg protein/ml.

2.3. Caffeic acid content in brain tissue

An HPLC method described in Yamada et al. (2006) was used to analyze the brain
content of intact form of caffeic acid, in which an octadecylsilica column (4.6 x 250 mm,
Wakopak, Wako Pure Chemical Industry, Tokyo, Japan), and a mobile phase consisting of
95.6% H>0, 4.1% ethyl acetate and 0.3% acetic acid were used at 30°C with aflow rate of
0.8 ml/min.

2.4. Measurement of dopamine, DOPAC and homovanillic Acid (HVA)

The levels of dopamine, DOPAC and HVA were determined by HPLC methods
(Richardson et a., 2006). Briefly, the striatum was homogenized in 0.1 mol/l perchloric
acid solution containing 0.1 mM ethylene-diaminetetraacetic acid (EDTA). After
centrifuging at 12,000 xg for 60 min at 4°C, the supernatant was collected for analysis.
HPL C equipped with a coulometric electrode array detector was used to quantify.

2.5. Cytokine measurements

Striatum was homogenized in 10 mM Tris-HCI buffered solution (pH 7.4) containing 2



10

11

12

13

14

15

16

17

18

19

20

21

22

23

M NaCl, 1 mM EDTA, 0.01% Tween 80, 1 mM phenylmethylsulfonyl fluoride, and
centrifuged at 9000 xg for 30 min at 4°C.  The resultant supernatant was used for cytokine
determination. Thelevelsof IL-1beta, IL-6, TNF-alpha, IL-4 and IL-10 were measured by
ELI1SA using cytoscreen immunoassay kits (BioSource International, Camarillo, CA, USA).
Samples were assayed in duplicates according to manufacturer’s instructions. The
sensitivity of the assay, i.e,, the lower limit of detection, was 5 nmol/| for IL-1beta, IL-6,
IL-4, IL-10 and 10 nmol/l for TNF-alpha
2.6. Determination of nitrite and prostaglandin E (PGE),

The production of NO was determined by measuring the formation of nitrite.  Briefly,
100 ul of supernatant was treated with nitrate reductase, NADPH and FAD, and incubated
for1hat 37°Cinthedark. After centrifuging at 6,000 xg, the supernatant was mixed with
Griess reagent for color development.  The absorbance at 540 nm was measured and
compared with a sodium nitrite standard curve.  The production of PGE, was determined
using a PGE; EIA kit (Cayman Chemica Co., Ann Arbor, MI, USA) according to the
manufacturer's instructions.
2.7. BDNF and GDNF quantification

BDNF or GDNF level was determined using anti-BDNF or anti-GDNF monoclonal
antibody. Briefly, striatum was dissected and homogenized at 4°C in 300 pl lysis buffer
containing 137 mM NaCl, 20 mM Tris, 1% Nonidet P-40, 10% glycerol, 1 mM
phenylmethylsulfonylflouride, 10 pg/ml aprotinin, 1 pg/ml leupeptin, and 0.5 mM sodium
orthovanadate. After centrifuged at 10,000 xg for 10 min, the supernatant was used, and
BDNF or GDNF level was determined by commercialy available kits (Promega, Madison,

WI, USA) according to the manufacture’s instructions.  Absorbance was measured at 450
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nm using aplatereader. Datawere expressed as pg/mg protein.
2.8. Activity of total NOS cyclooxygenase-2 (COX-2) and tyrosine hydroxylase (TH)

The method described in Sutherland et al. (2005) was used to measure total NOS
activity. Briefly, total NOS activity was determined viaincubating 30 pl of homogenate
with 10 mM [3-nicotinamide adenine dinucl eotide phosphate, 10 mM L-valine, 3000 U/ml
camodulin, 5 mM tetrahydrobiopterin, 10 mM CaCl,, and a mixture of 100 uM L-arginine
containing L-[*H]arginine. COX-2 activity was assayed by a commercial assay kit
(Cayman Chemical Co., Ann Arbor, MI, USA), and colorimetrically monitoring the
appearance of oxidized N,N,N',N'-tetramethyl-p-phenylenediamine at 590 nm. TH activity
was assayed by the method described in Neff et al. (2006). Brain was homogenized in 10
mM Tris acetate buffer.  After centrifuged, 30 ul supernatant was added to a mixture
containing 40 mM sodium acetate, 200 uM 6-methyl-5,6,7,8-tetrahydropteridine, 10 ng/100
ul catalase, 1 mM ferrous ammonium sulfate and 200 uM L-tyrosine with 1 uCi of
[*H]-L-tyrosine. The reaction was terminated by adding charcoal in 0.01 M HCI, and
radioactivity in the supernatant was counted in a scintillation counter.

2.9. Real-time polymerase chain reaction for mRNA expression

Total RNA was isolated using Trizol reagent (Invitrogen, Life Technologies, Carlsbad,
CA, USA). One png RNA was used to generate cDNA, which was amplified using Taq
DNA polymerase. PCR was carried out in 50 pl of reaction mixture containing Tag DNA
polymerase buffer (20 mM Tris-HCI, pH 8.4, 50 mM KCI, 200 mM dNTP, 2.5 mM MgCl,,
0.5 mM of each primer) and 2.5 U Taq DNA polymerase. The specific oligonucleotide
primers of targets areshownin Table1l. The cDNA was amplified under the following

reaction conditions: 95°C for 1 min, 55°C for 1 min, and 72°C for 1 min. 28 cycles were
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performed for glyceraldehyde-3-phosphate dehydrogenase (GAPDH, the housekeeping gene)
and 35 cycles were performed for others.  Generated fluorescence from each cycle was
guantitatively analyzed by using the Tagman system based on real-time sequence detection
system (ABI Prism 7700, Perkin-Elmer Inc., Foster City, CA, USA). In this study, mRNA
level was calculated as percentage of the control group.
2.10. Western blot analysis of TH

Brain tissue was homogenized in buffer containing 0.5% Triton X-100 and
protease-inhibitor cocktail (1:1000, Sigma-Alsrich Chemical Co., St. Louis, MO, USA).
This homogenate was further mixed with buffer (60 mM Tris-HCI, 2% SDS, and 2%
-mercaptoethanol, pH 7.2), and boiled for 5 min.  Sample at 40 ug protein was applied to
10% SDS-polyacrylamide gel electrophoresis, and transferred to a nitrocel lulose membrane
(Millipore, Bedford, MA, USA) for 1 h.  After blocking with a solution containing 5%
nonfat milk for 1 h to prevent non-specific binding of antibody, membrane was incubated
with mouse anti-TH monoclonal antibody (Boehringer-Mannheim, Indianapolis, IN, USA) at
4°C overnight, and followed by reacting with horseradish peroxidase-conjugated antibody 3.5
h at room temperature.  The detected bands were quantified by Scion Image analysis
software (Scion Corp., Frederick, MD, USA), and GAPDH was used as aloading control.
2.11. Satistical analysis

The effect of each treatment was analyzed from 10 mice (n = 10) in each group. All
data were expressed as mean + standard deviation (S.D.). Statistical analysis was done
using one-way analysis of variance (ANOVA), and post-hoc comparisons were carried out

using Dunnet'st-test. P values <0.05 were considered as significant.

3. Results
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Asshown in Table 2, dl treatments did not affect daily water intake, feed intake, fina
body weight and brain weight (P>0.05). Brain caffeic acid content was significantly
increased in mice treated by caffeic acid alone at 2%, caffeic acid pre-intake at 1 and 2%, and
caffeic acid post-intake at 2% (P<0.05). MPTP treatment significantly increased the brain
level of IL-1beta, IL-6, TNF-alpha, IL-4 and IL-10 (Table 3, P<0.05). Pre-intake of caffeic
acid at test doses significantly decreased the release of five cytokines (P<0.05); however,
post-intake only at 2% significantly lowered M PTP-caused increase of IL-1beta, I1L-6 and
TNF-apha (P<0.05). AsshowninFig. 1, MPTP treatment significantly enhanced mRNA
expression of I1L-1beta, TNF-alphaand IL-10 (P<0.05). Pre-intake of caffeic acid
significantly reduced the expression of three test cytokines (P<0.05); however, post-intake of
this compound only at 2% significantly declined expression of IL-1beta and TNF-apha
(P<0.05).

MPTP treatment increased brain NO and PGE; levels, as well as elevated total NOS and
COX-2 activities (Table 4, P<0.05). Caffeic acid pre-intake at three doses and post-intake
at 2 % significantly lowered the production of NO and PGE,, and activity of total NOS and
COX-2 (P<0.05). MPTPaso up-regulated mRNA expression of iINOS, nNOS and COX-2
(Fig. 2, P<0.05). Pre-intake of caffeic acid at 1 and 2% declined the expression of iINOS,
NNOS and COX-2 (P<0.05). Post-intake of this compound at 2% significantly suppressed
the expression of INOS and COX-2 (P<0.05). MPTPsignificantly increased GFAP and
Iba-1 expression (Fig. 3, P<0.05). Caffeic acid pre-intake at three doses and post-intake at
2 % repressed GFAP expression (P<0.05), and neither pre-intake nor post-intake of this
compound affected Iba-1 expression (P>0.05).

Asshownin Fig. 4, Fig. 5 and Table 5, MPTP treatment significantly decreased mRNA

expression of DAT, BDNF, GDNF and TH, lowered BDNF and GDNF content, and reduced
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TH protein level and activity (P<0.05). Caffeic acid treatments failed to affect DAT
expression (P>0.05), but its pre-intake retained both expression and production of BDNF,
GDNF and TH, aswell as TH activity (P<0.05). Caffeic acid post-intake only at 2 %
restored TH activity, expression and protein generation (P<0.05). Asshownin Table 6,

MPTP treatment significantly decreased the striatal content of dopamine, DOPAC and HVA
(P<0.05). The pre-intake of caffeic acid dose-dependently attenuated MPTP-induced
dopamineloss; but only at 1 and 2 % significantly retained DOPAC and HVA content
(P<0.05). Post-intake of this compound at 2 % significantly restored dopamine, DOPAC

and HVA levels (P<0.05).

4. Discussion

In our present study, caffeic acid pre-intake markedly increased caffeic acid content in
brain and attenuated MPTP-caused inflammatory stress by lowering the production of
inflammatory cytokines, NO and PGE,, as well as declining activity and mRNA expression
of cytokines, NNOS, COX-2 and GFAP in striatum.  Furthermore, we found pre-intake of
this compound retained expression, production and activity of BDNF, GDNF and TH.
These findings support that this compound is an effective preventive agent against the
development of neurodegenerative diseases such as Parkinson’sdisease.  Since the mRNA
expression of NOS, COX-2 and BDNF was mediated by caffeic acid, this agent might be
able to penetrate blood brain barrier and exert its functions at the level of transcription.  On
the other hand, post-intake of caffeic acid only at high dose (2%) increased its deposit in
brain, and mildly improved MPT P-induced inflammatory injury.  Thus, further study is
recommended to examine the neuro-restorative effects of this compound at higher doses

and/or longer period of supplement.
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Suppressing TNF-al pha response has been considered as a promising target for
inflammatory treatment in Parkinson’s disease (Madrigal et al., 2002; Tansey et d., 2008).
Our present study found that caffeic acid pre-intake effectively decreased subsequent
MPTP-induced over-production and over-expression of TNF-alphaand IL-6, which
conseguently mitigated inflammatory stress and in turn spared the formation of
anti-inflammatory cytokines, IL-4 and IL-10. These findings indicated that caffeic acid
exhibited preventive effects against inflammatory reactions via suppressing inflammatory
cytokines production.  In addition, we notified that post-intake of caffeic acid only at high
dose declined production and expression of IL-1betaand TNF-apha. These findings
suggested that this compound was a mild therapeutic agent to attenuate inflammatory damage
in already existed Parkinson’s disease condition. iNOS and nNOS, two isoforms of NOS,
areinvolved in pathological progression of Parkinson’s disease (Levecque et a., 2003;
Silverman, 2009). Elevated NO production resulted from enhanced activity and
over-expression of these NOS is an important neurotoxic effector responsible for the loss of
dopaminergic neurons and the expression of proinflammatory cytokines (Eberhardt et a.,
2000; Choi et d., 2002). Our present study found that caffeic acid pre-intake effectively
down-regulated iNOS and nNOS expression, and diminished total NOS activity, which
consequently lowered production of NO and proinflammatory cytokines. These results
once again supported that this compound could provide anti-inflammatory activities against
Parkinson’s disease, and partially explained the action modes of this compound. However,
post-intake of caffeic acid only at high dose declined iINOS expression and total NOS activity.
These findings implied that caffeic acid might provide mild therapeutic effect viaregulating
NO pathway.

COX-2 isthe rate-limiting enzyme for synthesis of PGE,, a pro-inflammatory mediator.

11
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Enhanced COX-2 expression promoted microglial activation of substantia nigra pars
compacta (Liu and Hong, 2003; Teismann et a., 2003), which accel erated the loss of
dopaminergic neurons and favored the release of inflammatory cytokines, including IL-1beta
and TNF-apha (Vijitruth et a., 2006). In our present study, elevated expression and
activity of COX-2 in brain from MPTP-treated mice indicated that COX-2 was involved in
MPTP-induced brain inflammatory injury, and responsible for increased production of PGE,
and inflammatory cytokines. Furthermore, we found that caffeic acid pre-intake at three
doses and post-intake at high dose reduced COX-2 expression, mitigated COX-2 activity,
lowered PGE; generation and rescued dopamine.  These findings suggest that the preventive
and therapeutic effects of caffeic acid against inflammation and dopamine loss in brain were
partially due to this compound repress COX-2 and PGE,. In addition, the observed
up-regulated expression of GFAP and Iba-1 agreed that both astrogliosis and microglial
activation has been enhanced in those MPTP-treated mice.  Woiciechowsky et al. (2004)
reported that astrogliosis induced by cytokines such as IL-1betaand IL-6 could accelerate
GFAP release, which favored neuroinflammatory response and neuronal loss.  We found
that pre-intake of caffeic acid effectively suppressed GFA P expression, which suggested that
this compound might be able to directly interrupt astrogliosis. The other possibility was
that caffeic acid pre-intake aready reduced the production of inflammatory cytokines, which
in turn attenuated astrogliosis.  On the other hand, we also notified that post-intake of
caffeic acid at high dose diminished GFAP expression, which indicated that astrogliosis has
been mitigated, and this might be partially ascribed to caffeic acid aready lowered IL-6 and
TNF-apha.  Thesefindingsimplied that this compound at high dose could exhibit
therapeutic effects against astrogliosis.

DAT isinvolved in dopamine homeostasis and sensitivity to dopaminergic

12
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neurotoxicants (Kurosaki et a., 2003). The results of our present study revealed the
pre-intake of caffeic acid substantially retarded M PTP-induced dopamine depletion in the
striatum without alleviating MPTP-induced DAT depletion. Apparently, the increased
dopamine level from this compound was not associated with DAT expression. Both BDNF
and GDNF are neurotrophic and potent survival factors for dopaminergic neurons
(Rosenbald et ., 2000; Ghitzaet a., 2010). TH isthe rate-limiting enzyme for dopamine
synthesis and also a key molecule in dopaminergic functions because it converts tyrosine to
L-DOPA, which is then converted to dopamine (Nakashimaet al., 2009). In our present
study, MPTP treatment decreased the production, expression and/or activity of BDNF, GDNF
and TH, which partialy explained the MPTP-caused dopamineloss.  Furthermore, we
found that caffeic acid pre-intake markedly counteracted neuro-toxic effects of MPTP and
reserved the expression, activity and generation of BDNF, GDNF and TH, which benefited
dopamine synthesisin brain.  These findings implied that caffeic acid could prevent
Parkinson’s disease progression through regulating neurotrophic factors, stabilizing TH and
protecting dopaminergic neurons.  On the other hand, we notified that caffeic acid
post-intake at high dose restored TH activity, mMRNA expression and protein production,
which consequently favored dopamine formation. Our data of dopamine, DOPAC and
HVA aso agreed that post-intake of this compound at that dose improved synthesis of
dopamine and its metabolites. These findings suggested that this agent at high dose might
provide therapeutic effect viarestoring dopamine level.

In conclusion, caffeic acid pre-intake at three doses and post-intake at high dose
effectively elevated brain caffeic acid content, and alleviated MPTP-caused inflammatory
damage and dopamineloss. This agent exhibited anti-inflammatory activities by decreasing

inflammatory cytokines levels, suppressing NO, PGE, and GFAP production, reserving

13



neurotrophic factors levels, as well as regulating mRNA expression of NOS, COX-2 and TH
in striatum, which consequently retained neurotransmitters such as dopamine, DOPAC and
HVA. Theseresultssuggest that caffeic acid is a potent neuro-protective agent against the

development of Parkinson’s disease.
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Figure legend.

Fig. 1. mRNA expression of IL-1beta, TNF-alphaand IL-10 in striatum from mice treated
with 2% caffeic acid alone, MPTP aone, caffeic acid followed by MPTP, or MPTPfollowed
by caffeic acid. Vauesaremean + SD., n=10. *P<0.05 vs. control group. *P<0.05vs.
MPTP group.

Fig. 2. mRNA expression of iNOS, nNOS, COX-2 in striatum from mice treated with 2%
caffeic acid alone, MPTP aone, caffeic acid followed by MPTPR, or MPTP followed by
caffeic acid. Values are mean + S.D., n=10. *P<0.05 vs. control group. “P<0.05 vs.
MPTP group.

Fig. 3. mRNA expression of GFAP and Iba-1 in striatum from mice treated with 2% caffeic
acid aone, MPTP alone, caffeic acid followed by MPTPR, or MPTP followed by caffeic acid.
Valuesare mean + SD., n=10. *P<0.05 vs. control group. P<0.05 vs. MPTP group.

Fig. 4. mRNA expression of DAT, BDNF, GDNF and TH in striatum from mice treated with
2% caffeic acid done, MPTP alone, caffeic acid followed by MPTPR, or MPTP followed by
caffeic acid. Valuesaremean+ S.D., n=10. *P<0.05 vs. control group. “P<0.05 vs.
MPTP group.

Fig. 5. Protein level of TH, determined by western blot analysis, in striatum from mice.
Bands from I eft to right are control, 2% caffeic acid, MPTP, 0.5% caffeic acid+MPTP, 1%
caffeic acid+MPTP, 2% caffeic acid+MPTP, MPTP+0.5% caffeic acid, MPTP+1% caffeic

acid, and MPTP+2% caffeic acid.

15



Tablel

Forward and reverse primers for real time PCR analysis.

Target Forward reverse

IL-1beta 5-TCA TGG GAT GAT GAT GAT AACCTGCT-3* 5-CCCATA CTT TAG GAA GACACG GAT-3
TNF-apha 5’-GGCAGGTCT ACTTTGGAGTCA TTG-3’ 5’-ACA TTC GAG GCT CCA GTG AAT TCG-3’
IL-10 5-GGC CCTTTG CTATGG TGT CC-3 5- AAG CGG CTG GGG GAT GAC-3’

iINOS 5'-GAC GAGACG GATAGG CAGAG-¥ 5'-CTT CAA GCA CCT CCA GGAAC-3

NNOS 5'-TAT GTG GCA GAA GCT CCA GA-3 5'-CGG CTGGAT TTAGGACTT TG-3

COX-2 5-CCA GCA GGC TCA TACTGA TAG GA-3 5-GCA GGT CTG GGT CGA ACT TG-3
GDNF 5-AAG GTC ACC AGA TAA ACA AGC GG-Z 5-TCA CAG GAG CCG CTG CAATATC-3
BDNF 5’-ATC CAAATATGG CACAGCAA-3 S>-TTCTGC CTGAGT TTT GAT GC-3°

DAT 5’-ATC AAC CCA CCGCAGACA CCA GT-¥ 5’-GGC ATC CCG GCA ATA ACC AT-3’
GFAP 5’ATT GCT GGA GGG CGA AGA A-3 5-CGGATCTGG AGGTTG GAG AA-3’

Iba-1 5-CTT GAA GCG AAT GCT GGA GAA-Z 5-GGA GCCACT GGA CACCTCTCT-&

TH 5-CCCCACCTIGGAGTACTTT GTG-3 5-CTT GTCCTCTCT GGC ACT GC-3

GAPDH

5’-TGA TGA CAT CAA GAA GGT GGT GAA G-3°

5°-CCT TGG AGG CCA TGT AGG CCA T-3’

16



Table2
Water intake (WI), feed intake (FI), body weight, brain weight and brain caffeic acid content of mice treated with 2% caffeic acid aone,
MPTP aone, caffeic acid followed by MPTP, or MPTP followed by caffeic acid. Vauesare mean + S.D., n=10.

Wi FI Body weight Brain weight Caffeic acid
ml/mouse/d g/mouse/d g g mg/100 g wet tissue
Control 23+04% 24+05% 27.1+1.0° 0.48+0.05° -
caffeic acid, 2 25+0.6" 2.1+0.6" 28.3+0.9° 0.45+0.08" 12.4+1.8°
MPTP 21+05% 27+0.7% 273+ 1.1° 0.42+0.04° -
caffeic acid, 0.5+ MPTP 2.0+ 0.7% 3.0+0.8" 29.0+1.2° 0.50+0.07% -
caffeic acid, 1 + MPTP 23+04° 22+0.6% 27.2+0.8° 0.51+0.06% 1.7+0.8%
caffeic acid, 2 + MPTP 2.4 +0.5 2.3+0.9° 289+ 13" 0.49+0.08" 4.1+1.0°
MPTP + caffeic acid, 0.5 2.2+ 0.6 25+0.7% 28.5+ 0.6 0.46+0.05% -
MPTP + caffeic acid, 1 24+0.7% 2.1+0.6" 27.8+0.8° 0.50+0.06" -
MPTP + caffeic acid, 2 21+0.3° 2.6+04% 27.7+0.9° 0.44+0.06° 1.5+0.6%

*Means too low to be detected.

#Means in a column without a common letter differ, P<0.05.

17



Table3

Level (pg/ml) of IL-1beta, IL-6, TNF-alpha, IL-4 and IL-10 in the striatum from mice treated with 2% caffeic acid alone, MPTP alone,
caffeic acid followed by MPTP, or MPTP followed by caffeic acid. Vauesare mean + S.D., n=10.

IL-1beta IL-6 TNF-alpha IL-4 IL-10
Control 19.3+2.4° 18.0+1.7° 15.8+1.0° 13.5+0.8% 15.3+1.0°
caffeic acid, 2 18.1+1.78 17.4+1.3° 13.6+1.2°7 14.0+0.6° 14.7+1.17
MPTP 153.5+10.2° 134.4+12.1° 142.9+11.7° 110.5+6.1° 116.7+6.5°
caffeic acid, 0.5+ MPTP  90.4+5.0° 85.1+6.3° 90.3+7.3° 53.4+3.7° 68.7+4.3°
caffeic acid, 1 + MPTP 86.7+6.4° 60.7+4.2° 64.7+5.9° 50.1+3.1° 63.5+3.5°
caffeic acid, 2 + MPTP 64.0£3.3° 56.3+3.5° 61.2+4.5° 46.8+3.3" 60.1+4.0°
MPTP+ caffeic acid, 0.5 149.5+9.0° 127.9+10.6 139.8+9.5° 109.2+7.9° 113.8+8.8°
MPTP + caffeic acid, 1 141.8+8.2° 121.0+8.3° 133.4+7.5° 103.546.6° 101.445.7°
MPTP + caffeic acid, 2 110.9+6.1° 91.447.8° 108.1+8.0° 99.443.7° 102.1+4.2°

M eans in a column without a common letter differ, P<0.05.
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w

Fig. 1. mRNA expression of I1L-1beta, TNF-alpha and IL-10 in striatum from mice treated with 2% caffeic acid alone, MPTP alone,
caffeic acid followed by MPTP, or MPTP followed by caffeic acid. Vauesare mean+ S.D., n=10. *P<0.05 vs. control group.

*P<0.05 vs. MPTP group.
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Table4

Level of nitrite and PGE,, activity of total NOS and COX-2 in the striatum from mice treated with 2% caffeic acid alone, MPTP aone,

caffeic acid followed by MPTP, or MPTP followed by caffeic acid. Vauesare mean + S.D., n=10.

Nitrite PGE; Total NOS COX-2

uM/mg protein pg/g protein pmol/min/mg protein  U/mg protein
Control 9.8+1.0° 1120+1042 18.4+0.8° 0.28+0.07
caffeic acid, 2 10.141.2° 1075932 19.0+1.0° 0.31+0.05°
MPTP 37.5+2.3° 2514+178° 54.7+4.6° 2.57+0.14°
caffeic acid, 0.5+ MPTP  29.1+1.5 2170+191¢ 47.2+3.7° 2.20+0.09
caffeic acid, 1 + MPTP 24.3+1.4° 1731+128° 40.5+2.2° 1.80+0.11°
caffeic acid, 2 + MPTP 18.6+1.8" 1403+115° 28.1+1.8" 1.32+0.07°
MPTP+ caffeicacid, 0.5  35.9+2.5° 2490+165° 54.0+5.0° 2.60+0.15°
MPTP + caffeic acid, 1 34.6+1.9° 2342+133° 53.8+4.2° 2.51+0.12°
MPTP + caffeic acid, 2 26.0+0.8° 2081+98¢ 46.3+2.9 2.13+0.09°

#*Means in a column without a common letter differ, P<0.05.
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1 Fig. 2 mRNA expression of iINOS, nNOS, COX-2 in striatum from mice treated with 2% caffeic acid alone, MPTP aone, caffeic acid
2  followed by MPTP, or MPTPfollowed by caffeic acid. Vauesare mean + S.D., n=10. *P<0.05 vs. control group. “P<0.05 vs.

3  MPTPgroup.
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1 Fig. 3. mRNA expression of GFAP and Iba-1 in striatum from mice treated with 2% caffeic acid alone, MPTP aone, caffeic acid
2  followed by MPTP, or MPTPfollowed by caffeic acid. Vauesare mean + S.D., n=10. *P<0.05 vs. control group. “P<0.05 vs.

3  MPTPgroup.
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1 Fig. 4. mRNA expression of DAT, BDNF, GDNF and TH in striatum from mice treated with 2% caffeic acid alone, MPTP aone, caffeic
2 acid followed by MPTP, or MPTPfollowed by caffeic acid. Values are mean + S.D., n=10. *P<0.05 vs. control group. *P<0.05 vs.

3  MPTPgroup.
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N

Fig. 5. Protein level of TH, determined by western blot analysis, in striatum from mice. Bands from left to right are control, 2% caffeic
acid, MPTP, 0.5% caffeic acid+MPTP, 1% caffeic acid+tMPTP, 2% caffeic acid+tMPTP, MPTP+0.5% caffeic acid, MPTP+1% caffeic

acid, and MPTP+2% caffeic acid.
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Table5

Content of BDNF and GDNF, and TH activity in the striatum from mice treated with 2%
caffeic acid aone, MPTP aone, caffeic acid followed by MPTPR, or MPTP followed by

caffeicacid. Vauesare mean+ S.D., n=10.

BDNF GDNF TH
pg/mg protein pg/mg protein nmol/mg protein

Control 2843 65+4° 1.83+0.25°
caffeic acid, 2 3244 7146 1.94+0.18°
MPTP 8+2° 20+3 0.35+0.09
caffeic acid, 0.5+ MPTP  15+3° 29+5° 0.79+0.12"
caffeic acid, 1 + MPTP 16+2° 34+4° 1.06+0.14°
caffeic acid, 2 + MPTP 2143° 42+3° 1.42+0.08°
MPTP+ caffeic acid, 0.5 7+12 19+2° 0.37+0.05
MPTP + caffeic acid, 1 10+22 21427 0.41+0.07%
MPTP + caffeic acid, 2 10+32 20+42 0.70+0.10°

&M eansin a column without a common letter differ, P<0.05.
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Table 6
Content (ng/mg protein) of dopamine, DOPAC and HVA in the striatum from mice treated
with 2% caffeic acid alone, MPTP alone, caffeic acid followed by MPTP, or MPTPfollowed

A W N

by caffeic acid. Valuesare mean + S.D., n=10.

dopamine DOPAC HVA
control 9.60+1.25° 0.84+0.07¢ 0.92+0.10
caffeic acid, 2 9.53+1.02° 0.87+0.05" 0.95+0.12°
MPTP 1.37+0.07° 0.42+0.06° 0.40+0.04
caffeic acid, 0.5+ MPTP  2.25+0.13" 0.46+0.03 0.43+0.04°
caffeic acid, 1 + MPTP 4.08+0.34° 0.67+0.06° 0.61+0.07"
caffeic acid, 2 + MPTP 6.32+0.70" 0.70+0.08° 0.75+0.06°
MPTP+ caffeic acid, 0.5 1.47+0.112 0.43+0.05° 0.42+0.03
MPTP + caffeic acid, 1 1.55+0.15% 0.45+0.06" 0.45+0.07%
MPTP + caffeic acid, 2 2.10+0.24 0.57+0.08" 0.59+0.09"

&M eansin a column without a common letter differ, P<0.05.

31



© 00 N O O A W DN P

W W N DN N DN N DN DN DNMNDNNDNDNDN P PP ERE R R PR PP
P, O © 00 N o o B W N P O O O N O O b WO NN B O

References

1.

10.

Bezard, E., Dovero, S, Prunier, C., Ravenscroft, P, Chalon, S., Guilloteau, D.,
Crossman, A.R., Bioulac, B., Brotchie, JM., Gross, C.E., 2001. Relationship between
the appearance of symptoms and the level of nigrostriatal degeneration in aprogressive
1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine-lesioned macaque model of Parkinson’s
disease. J. Neurosci. 21, 6853-6861.

Chao, P.C., Hsu, C.C., Yin, M.C., 2009. Anti-inflammatory and anti-coagulatory
activities of caffeic acid and ellagic acid in cardiac tissue of diabetic mice. Nutr. Metab.
(Lond). 6:33.

Choi, J.Y ., Park, C.S,, Kim, D.J.,, Cho, M.H., Jin, B.K., Pie, J.E., Chung, W.G., 2002.
Prevention of nitric oxide-mediated 1-methyl-4-phenyl-
1,2,3,6-tetrahydropyridine-induced Parkinson's disease in mice by tea phenolic
epigallocatechin 3-gallate. Neurotoxicology 23, 367-374.

Eberhardt, W., Beeg, T., Beck, K.F., Walpen, S., Gauer, S., Bohles, H., Pfeilschifter, J.,
2000. Nitric oxide modulates expression of matrix metalloproteinase-9 in rat mesangial
cells. Kidney Int. 57, 59-69.

Ferger, B., Leng, A., Mura, A., Hengerer, B., Feldon, J., 2004. Genetic ablation of tumor
necrosis factor-alpha (TNF-alpha) and pharmacological inhibition of TNF-synthesis
attenuates MPTP toxicity in mouse striatum. J. Neurochem. 89, 822-833.

Ghitza, U.E., Zhai, H., Wu, P, Airavaara, M., Shaham, Y., Lu, L., 2010. Role of BDNF
and GDNF in drug reward and relapse: areview. Neurosci. Biobehav. Rev. 35, 157-171.
Hancock, D.B., Martin, E.R., Vance, J.M., Scott, W.K., 2008. Nitric oxide synthase
genes and their interactions with environmental factors in Parkinson's disease.
Neurogenetics 9, 249-262.

Hirsch, E.C., Breidert, T., Roussdlet, E., Hunot, S., Hartmann, A., Michel, P.P., 2003.
Therole of glial reaction and inflammation in Parkinson's disease. Ann. N. Y. Acad. Sci.
991, 214-228.

Hirsch, E.C., Hunot, S., 2009. Neuroinflammation in Parkinson’s disease: a target for
neuroprotection? Lancet Neurol. 8, 382-397.

Kurosaki, R., Muramatsu, Y., Watanabe, H., Michimata, M., Matsubara, M., Imal, Y.,
Araki, T., 2003. Role of dopamine transporter against MPTP

32



© 00 N O O b~ W N B

W W N DN N DN N DN DN DNMNDNNDNDNDN P PP ERE R R PR PP
P, O © 00 N o o B W N P O O O N O O b WO NN B O

11.

12.

13.

14.

15.

16.

17.

18.

19.

(1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine) neurotoxicity in mice. Metab. Brain Dis.
18, 139-146.

Levecque, C., Elbaz, A., Clavel, J., Richard, F, Vida, J.S., Amouyd, P, Tzourio, C.,
Alpérovitch, A., Chartier-Harlin, M.C., 2003. Association between Parkinson's disease
and polymorphisms in the nNOS and iNOS genes in a community-based case-control
study. Hum. Mol. Genet. 12, 79-86.

Li, Z., Chai, D.Y ., Shin, E.J.,, Hunter, R.L., Jin, C.H., Wie, M.B., Kim, M.S,, Park, S.J,,
Bing, G., Kim, H.C., 2008. Phenidone protects the nigral dopaminergic neurons from
LPS-induced neurotoxicity. Neurosci. Lett. 445, 1-6.

Little, A.R., O'Callagha, J.P., 2001. Astrogliosisin the adult and developing CNS: is
there arole for proinflammatory cytokines? Neurotoxicology 22, 607-618.

Liu, B., Hong, J.S., 2003. Role of microgliain inflammation-mediated
neurodegenerative diseases. mechanisms and strategies for therapeutic intervention. J.
Pharmacol. Exp. Ther. 304, 1-7.

Madrigal, J.L., Hurtado, O., Moro, M.A., Lizasoain, |., Lorenzo, P, Castrillo, A., Bosca,
L., Leza, J.C., 2002. Theincrease in TNF-alphalevelsisimplicated in NF-kappaB
activation and inducible nitric oxide synthase expression in brain cortex after
immnbilization stress. Neuropsychopharmacology 26, 155-163.

Mogi, M., Harada, M., Riederer, P.,, Narabayashi, H., Fujita, K., Nagatsu, T., 1994.
Tumor necrosis factor-o (TNF-a) increases both in the brain and in the cerebrospinal
fluid from parkinsonian patients. Neurosci. Lett. 165, 208-210.

Nakashima, A., Hayashi, N., Kaneko, Y.S., Mori, K., Sabban, E.L., Nagatsu, T., Ota A.,
2009. Role of N-terminus of tyrosine hydroxylase in the biosynthesis of catecholamines.
J. Neural. Transm. 116, 1355-1362.

Neff, N.H., Wemlinger, T.A., Duchemin, A.M., Hadjiconstantinou, M., 2006. Clozapine
modul ates aromatic L-amino acid decarboxylase activity in mouse striatum. J.
Pharmacol. Exp. Ther. 317, 480-487.

Okuno, T., Nakatsuji, Y., Kumanogoh, A., Moriya, M., Ichinose, H., Sumi, H.,
Fujimura, H., Kikutani, H., Sakoda, S., 2005. Loss of dopaminergic neurons by the
induction of inducible nitric oxide synthase and cyclooxygenase-2 via CD 40: relevance

to Parkinson's disease. J. Neurosci. Res. 81, 874-882.

33



© 00 N O O b~ W N B

W W N DN N DN N DN DN DNMNDNNDNDNDN P PP ERE R R PR PP
P, O © 00 N o o B W N P O O O N O O b WO NN B O

20.

21.

22.

23.

24,

25.

26.

27.

28.

Richardson, J.R., Caudle, W.M., Wang, M., Dean, E.D., Pennéll, K.D., Miller, G.W.,
2006. Devel opmental exposure to the pesticide dieldrin alters the dopamine system and
increases neurotoxicity in an animal model of Parkinson’s disease. FASEB J. 20,
1695-1697.

Rosenbald, C., Kirik, D., Bjérklund, A., 2000. Sequential administration of GDNF into
the substantia nigra and striatum promotes dopamine neuron survival and axonal
sprouting but not striatal reinnervation or functional recovery in the partial 6-OHDA
lesion model. Exp. Neurol. 161, 503-516.

Silverman, R.B., 2009. Design of selective neuronal nitric oxide synthase inhibitors for
the prevention and treatment of neurodegenerative diseases. Acc. Chem. Res. 42,
439-451.

Sochor, J., Zitka, O., Skutkova, H., Pavlik, D., Babula, P., Krska, B., Horna, A., Adam,
V., Provaznik, I., Kizek, R., 2010. Content of phenolic compounds and antioxidant
capacity in fruits of apricot genotypes. Molecules 15, 6285-6305.

Sugama, S., Takenouchi, T., Cho, B.P., Joh, T.H., Hashimoto, M., Kitani, H., 2009.
Possible roles of microglial cells for neurotoxicity in clinical neurodegenerative diseases
and experimental animal models. Inflamm. Allergy Drug Targets. 8, 277-284.

Sun, T., Simon, P.W., Tanumihardjo, S.A., 2009. Antioxidant phytochemicals and
antioxidant capacity of biofortified carrots (Daucus carota L.) of various colors. J. Agric.
Food Chem. 57, 4142-4147.

Sutherland, B.A., Shaw, O.M., Clarkson, A.N., Jackson, D.N., Sammut, I.A., Appleton,
I., 2005. Neuroprotective effects of (-)-epigallocatechin gallate following
hypoxia-ischemia-induced brain damage: novel mechanisms of action. FASEB J. 19,
258-260.

Tansey, M.G., Frank-Cannon, T.C., McCoy, M K., Lee, JK., Martinez, T.N., McAlpine,
F.E., Ruhn, K.A., Tran, T.A., 2008. Neuroinflammation in Parkinson's disease: is there
sufficient evidence for mechanism-based interventional therapy? Front Biosci. 13,
709-717.

Teismann, P, Tieu, K., Choi, D.K., Wu, D.C., Naini, A., Hunot, S, Vila, M.,
Jackson-Lewis, V., Przedborski, S., 2003. Cyclooxygenase-2 is instrumental in
Parkinson's disease neurodegeneration. Proc. Natl. Acad. Sci. USA. 100, 5473-5478.

34



© 00 N O O b~ W N B

e L i I
o A W N R O

e
o ~

N B
o ©

29.

30.

31

32.

33.

Tsal, SJ., Kuo, W.W., Liu, W.H., Yin, M.C., 2010. Antioxidative and
Anti-Inflammatory Protection from Carnosine in the Striatum of MPTP-Treated Mice. J
Agric Food Chem. 58, 11510-11516.

Vauzour, D., Ravaioli, G., Vafeiadou, K., Rodriguez-Mateos, A., Angeloni, C., Spencer,
J.P., 2008. Peroxynitrite induced formation of the neurotoxins 5-S-cysteinyl-dopamine
and DHBT-1: implications for Parkinson's disease and protection by polyphenols. Arch
Biochem. Biophys. 476, 145-151.

Vijitruth, R., Liu, M., Choi, D.Y ., Nguyen, X.V., Hunter, R.L., Bing, G., 2006.
Cyclooxygenase-2 mediates microglia activation and secondary dopaminergic cell
death in the mouse MPTP model of Parkinson's disease. Neuroinflammation 3:6.
Woiciechowsky, C., Schdning, B., Stoltenburg-Didinger, G., Stockhammer, F., Volk,
H.D., 2004. Brain-1L-1 betatriggers astrogliosis through induction of IL-6: inhibition by
propranolol and IL-10. Med. Sci. Monit. 10, 325-330.

Yamada, Y., Yasui, H., Sakurai, H., 2006. Suppressive effect of caffeic acid and its
derivatives on the generation of UV A-induced reactive oxygen species in the skin of

hai rless mice and pharmacokinetic analysis on organ distribution of caffeic acid in ddY
mice. Photochem. Photobiol. 82, 1668-1676.

35



