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Ameliorative Effects of Ombuoside on Dopamine Biosynthesis in PC12 Cells
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Abstract — This study investigated the effects of ombuoside, a flavonol glycoside, on dopamine biosynthesis in
PC12 cells. Ombuoside at concentrations of 1, 5, and 10 uM increased intracellular dopamine levels at 1 - 24 h.
Ombuoside (1, 5, and 10 uM) also significantly increased the phosphorylation of tyrosine hydroxylase (TH)
(Ser40) and cyclic AMP-response element binding protein (CREB) (Ser133) at 0.5 - 6 h. In addition, ombuoside
(1, 5, and 10 pM) combined with L-DOPA (20, 100, and 200 uM) further increased intracellular dopamine levels
for 24 h compared to L-DOPA alone. These results suggest that ombuoside regulates dopamine biosynthesis by

modulating TH and CREB activation in PC12 cells.
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Introduction

Dopamine levels in the brain are associated with
several devastating diseases such as Parkinson’s disease
(PD), Alzheimer’s disease, schizophrenia, and affective
disorders.' In dopamine biosynthetic pathways, tyrosine
hydroxylase (EC 1.14.16.2; TH), the rate-limiting
enzyme, catalyzes the conversion of L-tyrosine to [.-3,4-
dihydroxyphenylalanine (L-DOPA).> TH activity is mainly
regulated via the cyclic AMP (cAMP)-cAMP-dependent
protein kinase A (PKA)-cAMP-response element binding
protein (CREB) pathway.* The long-term regulation of
TH is also involved in TH gene transcription and induction
of TH mRNA, which is regulated by the cAMP-PKA-
CREB system.*® TH at Ser40 is a major phosphorylation
residue.>® In addition, L-DOPA is the most effective and
frequently prescribed therapy for controlling symptoms of
PD."® L-DOPA also increases intracellular levels of
dopamine in PC12 cells,”'® which may be applied in the
in vitro model of PD.

Gynostemma pentaphyllum (Cucurbitaceae) has been
used as a herbal tea and contains many types of
gynosaponins (GPS), flavonoids, polysaccharides, vitamins,
and amino acids.!" The ethanol extract (80%) from G
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pentaphyllum (GP-EX) exerts ameliorating effects on
chronic stress-induced anxiety in mice.'> GP-EX and GPS
have shown protective effects against neurotoxicity by
reducing TH neuronal cell death and L-DOPA-induced
dyskinesia in rat models of PD.!*!* GP-EX and GPS also
show anxiolytic effects on affective disorders in an
MPTP-lesioned mouse model of PD."

In addition, ombuoside (7,4'-di-O-methylquercetin-3-
O-beta-rutinoside) is one of the flavonol glycoside
components of GP-EX.!" Flavonoids exhibit a variety of
biological activities, such as antioxidant, antimicrobial,
anti-inflammation, cytotoxic, and anti-allergy effects by
scavenging free radicals and reactive oxygen species.'®"

PC12, rat adrenal pheochromocytoma, cells have been
widely used to investigate dopamine biosynthesis and L-
DOPA-induced oxidative cytotoxicity.”'** In this study,
the effects of ombuoside on dopamine biosynthesis in
PC12 cells were investigated to examine whether ombuo-
side is a beneficial bioactive component of GP-EX,
similar to GPS.

Experimental

Materials — Ombuoside (purity >97.0%) was obtained
from BioBioPhar Co. Ltd. (Kunming, Yunnan). L-DOPA,
isoproterenol, and 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-
2H-tetrazolium bromide (MTT) were purchased from
Sigma-Aldrich (St. Louis, MO). RPMI1640 medium,
donor-horse serum, fetal bovine serum, and antibiotics
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were purchased from Gibco BRL (Grand Island, NY).
Primary antibodies against TH, phospho-TH (Ser40),
CREB, phospho-CREB (Ser133), and B-actin were also
purchased from Cell Signaling Technology (Danvers,
MA). All other chemicals were of reagent grade.

Cell culture —PCI12 cells were grown in an RPMI
1640 medium supplemented with 10% heat-inactivated
horse serum, 5% heat-inactivated fetal bovine serum,
penicillin (100 units/ml), and streptomycin (100 pg/ml).
The cells were placed in a humidified atmosphere with
5% CO, and 95% air at 37 °C, as previously described.”

Determination of dopamine levels and cell viability —
PC12 cells were treated with ombuoside for the designated
time and the cells were harvested with phosphate buffered
saline. Trichloroacetic acid (1 M, 100 pl) and isoproterenol
(200 pmol, internal standard) were added to pellet extract
and dopamine levels were measured by an HPLC system
(Toso, Tokyo, Japan) with a fluorescence detector (F1000,
Hitachi, Tokyo) (Ex/Em, 350/460 nm)."° The dopamine
levels were expressed as nmol/mg protein and percentage
of the control group.

In addition, cell viability was evaluated using a con-
ventional MTT assay,”! with a Bauty Diagnostic Microplate
Reader (Molecular Devices, Sunnyvale, CA)."

Western blot analysis — Analysis of the phosphorylation
of TH at Ser40 [phospho-TH (Ser40)], CREB at Ser133
[phospho-CREB (Ser133)], and B-actin were determined
by western blot analysis.*!® Protein samples (20 ug in
each lane, 50 pg for caspase-3) were electrophoresed and
the blot analysis was conducted using primary antibodies
(1:1,000 in TBS-T with 5% bovine serum albumin
[BSA]) at 4 °C and secondary antibodies (1:5,000 in TBS-
T with 5% BSA) according to standard procedures
(Amersham Pharmacia Biotech, Inc., Piscataway, NJ) as
previously described.*"

Statistical analysis — Protein amounts were determined
using BSA as a standard.* All data are expressed as the
means = S.E.M. of at least four independent experiments.
Statistical analyses were performed using analysis of
variance (ANOVA) followed by Dunnett’s test for multiple
comparisons, and a P-value <0.05 was considered to be
statistically significant.

Result

Intracellular dopamine levels and cell viability —
Ombuoside (1, 5, and 10 uM) slightly increased intracellular
dopamine levels for 1h, and then intracellular dopamine
levels were significantly increased for 3 —24 h (increase
of 122 —136%, P <0.05). The increase in dopamine levels
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Fig. 1. Effects of ombuoside on dopamine content in PC12 cells.
PCI12 cells were treated with ombuoside (1, 5, and 10 uM) and
then incubated for 1 —24 h. PC12 cells were harvested and then
dopamine levels were determined by an HPLC method. The
mean control levels of intracellular dopamine (0 h) were 3.78 +
0.31 nmol/mg protein. The results are expressed as the means +
SEM. (n=6-8). "P<0.05 compared to the control levels
(ANOVA followed by Dunnett’s test).

by ombuoside was treatment-, time-, and dose-dependent
(Fig. 1). Ombuoside at concentrations up to 50 uM did
not alter cell viability for 24 h. However, ombuoside at
100 pM reduced cell viability to 80.4% (P <0.05) at 24 h
compared to the control group (data not shown).

TH and CREB phosphorylation — Ombuoside (1, 5,
and 10 uM) showed significant increase in TH pho-
sphorylation at Ser40 in a time-dependent manner (Fig.
2). TH phosphorylation started to rise at 30 min and the
increase in phosphorylated TH was further enhanced by
ombuoside (1, 5, and 10 uM) for 6 h by 1.48-, 1.54-, and
1.71-fold (P <0.05) (Fig. 2).

In addition, phosphorylation of CREB at Ser133 was
induced after treatment with ombuoside (1, 5, and 10 pM)
for 0.5—6h (increase by 1.44-, 1.61-, and 1.68-fold at
6 h, P <0.05) (Fig. 3).

L-DOPA-induced dopamine levels — Intracellular levels
of dopamine in PC12 cells were increased by treatment
with L-DOPA at 25 —200 uM for 24 h (Fig. 4)."° Co-
treatment with ombuoside (1, 5, and 10 uM) and L-
DOPA (20, 100, and 200 uM) increased intracellular
levels of dopamine to 148 —176% (20 uM, P <0.05),
197 —228% (100 uM, P <0.05), and 197 —228% (200
uM, P <0.05) compared to the L-DOPA-treated group
after 24 h (Fig. 4).

Discussion

GP-EX has shown protective effects on dopaminergic
neurons by mediating anti-oxidative functions in animal
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Fig. 2. Effects of ombuoside on the phosphorylation of TH (Ser40) in PC12 cells. PC12 cells were treated with ombuoside (1, 5, and
10 uM) for 0.5 — 6 h. Immunoblots of lysates of cell pellets were probed with phospho-TH and then the phosphorylation of TH (Ser40)
(p-TH) and total TH were analyzed by western blotting. The values of the relative density ratios of p-TH/TH are expressed in arbitrary
units. The results are expressed as the means + S.EM. (n=4). P <0.05 compared to the control levels (ANOVA followed by Dunnett’s test).
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Fig. 3. Effects of ombuoside on the phosphorylation of CREB (Ser133) in PC12 cells. PC12 cells were treated with ombuoside (1, 5, and
10 uM) for 0.5 — 6 h. Immunoblots of lysates of cell pellets were probed with phospho-CREB and then the phosphorylation of CREB
(Ser133) (p-CREB) and total CREB were analyzed by western blotting. The values of the relative density ratios of p-CREB/CREB are
expressed in arbitrary units. The results are expressed as the means + S.E.M. (n=4). "P <0.05 compared to the control levels (ANOVA

followed by Dunnett’s test).

models of PD."*""> Ombuoside is a flavonol glycoside of
GP-EX." In this study, we investigated the effects of
ombuoside on dopamine biosynthesis in PC12 cells.

Ombuoside at concentrations up to 50 uM did not
reduce cell viability for 24 h (data not shown). Ombuoside
(1, 5, and 10 uM) significantly enhanced intracellular
dopamine levels in a dose-dependent manner at 6 —24 h
(Fig. 1). TH phosphorylation (Ser40) was also signifi-
cantly increased after treatment with ombuoside (1, 5, and
10 uM) in a time-dependent manner (Fig. 2). TH pho-
sphorylation (Ser40) was enhanced by ombuoside at 30
min and this increase in phosphorylated TH was
maintained for 6 h. In addition, ombuoside (1, 5, and 10
uM) significantly increased the phosphorylated levels of
CREB at Ser133 for 0.5 — 6 h (Fig. 3).

Dopamine biosynthesis is mainly regulated by TH

activation. Short-term activation of TH occurs through
phosphorylation of TH at Ser40 by the cAMP-CREB
system in dopaminergic neurons and PC12 cells*’ and
long-term regulation is achieved through TH gene
expression by activating the PKA-CREB system.*¢ In
addition, CREB is activated by phosphorylation at Ser133
through the cAMP-PKA system®*” and then binds to the
CRE region, a TH promoter, which is essential for the
regulation of TH gene expression.*”** These results
suggest that ombuoside enhances dopamine biosynthesis
through CREB and TH phosphorylation in PC12 cells.
L-DOPA at 20-—200 uM significantly elevates the
intracellular levels of dopamine by activation of the
cAMP-PKA-CREB system in PC12 cells.”'® However, L-
DOPA at high concentration (200 uM) reduces the
phosphorylation of TH, PKA, and CREB at 24 — 48 h,
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Fig. 4. Effects of ombuoside on L-DOPA-induced dopamine
levels in PC12 cells. PC12 cells were exposed to L-DOPA (20,
100, and 200 uM) in the absence or presence of ombuoside (1, 5
and 10 uM) for 24 h. PCI2 cells were harvested and then
dopamine levels were determined by an HPLC method. The
mean control levels of intracellular dopamine were 3.56 + 0.24
nmol/mg protein. The results are expressed as the means £ S.E.M.
(n=6-18). "P<0.05 compared to the control levels (untreated
cells), P <0.05 compared to corresponding L-DOPA treatment
(20, 100, and 200 uM) (ANOVA followed by Dunnett’s test).

which leads to decrease in dopamine levels because of L-
DOPA-induced oxidative cytotoxicity.'*** Treatment with
L-DOPA alone (20, 100, and 200 uM) increased intra-
cellular dopamine levels (Fig. 4).!° Ombuoside (1, 5, and
10 uM) co-administered with L-DOPA (20, 100, and 200
uM) for 24 h further increased the intracellular levels of
dopamine in PC12 cells compared to L-DOPA alone (Fig.
4.), indicating that ombuoside enhanced L-DOPA-induced
dopamine biosynthesis in PC12 cells.

In general, flavonoids exhibit anti-oxidative functions.'®
The anti-oxidative functions of ombuoside may serve as
the mechanism of dopamine biosynthesis in PC12 cells.
GP-EX and GPS have been shown to exhibit protective
effects against neurotoxicity by reducing TH neuronal cell
death and L-DOPA-induced cytotoxicity in rat models of
PD."*!* The functional relationships between GP-EX,
GPS, and ombuoside need to be further elucidated for
pharmaceutical application.

In conclusion, ombuoside enhanced dopamine biosy-
nthesis by regulating the CREB-TH system in PC12 cells.
Further in vivo work should be conducted to elucidate its
efficacy using animal models.
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