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to 3,4,5-tri-caffeoylquinic acid (TCQA), which has a similar structure, and explored their different cellular and molecular
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and glial cell differentiation gene expressions improved. In the microarray assay, the erythroblastlc oncogene B (ErbB) signaling
pathway, as the common signaling of TCQA and TFQA treatments, was focused on and discussed. In our study, TCQA and TFQA
treatments in NSCs showed a significant performance on improving synapse growth and neurogenesis compared with no treatment
of NSCs. The two treatments in NSCs also had a significant activation of the ErbB signaling pathway, protein kinase B (AKT), and
mitogen-activated protein kinase (MAPK) kinases. In particular, the TCQA-expressed proliferation gene myelocytomatosis
oncogene (Myc) had the greatest connections significantly. TFQA treatment remarkably regulated the differentiation gene jun proto-
oncogene (Jun), which was the gene with greatest direct relations, while Myc was also induced in TFQA treatment. In the overall
quantitative real-time polymerase chain reaction (PCR) assay, TFQA had more outstanding neural proliferation and differentiation
capabilities than TCQA in NSCs. Our study suggests that TFQA has greater therapeutic potential in neurogenesis promotion and
neurodegenerative diseases compared with TCQA.

KEYWORDS: cinnamoylquinic acids, 3,4,S-tri-feruloylquinic acid, neural stem cells, neurospheres, microarray, neurogenesis

B INTRODUCTION (ATP) levels are increased in CQA-treated SH-SYSY cells,
Cinnamoylquinic acids make up a group of naturally occurring and CQA improves spatial learning and memory in
compounds belonging to the family of phenolic acids. They are senescence-accelerated mouse-prone (SAMP) 8 mice, as well
derivatives of quinic acid, which is a cyclic polyol compound as overexpression of PGK1 mRNA.* Among CQAs, 3,4,5-tri-
that is found in various plants. Caffeoylquinic acids (CQAs), as caffeoylquinic acid (TCQA) treatment increases the glial
specialized natural plant bioactive metabolites and a subset of fibrillary acidic protein and neurons in vivo (Figure 1A).
cinnamoylquinic acids, are found in a wide range of foods, TCQA induces cell cycle arrest at GO/GI and bone

including coffee beans, potatoes, popular c1trus fruits,
chrysanthemum, kuding tea, and honeysuckle flower.' CQAs
and their derivatives have anticancer, antioxidant, anti-
inflammatory, antibacterial, antiparasitic, antiviral, and anti-
diabetic effects.” The CQA derivative-rich sweet potato extract
has a neuroprotectlve effect and improves spatial learning and
memory in vivo.” The mRNA expression of the glycolytic
enzyme (PGK1) and intracellular adenosine triphosphate
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pathway, as the common signaling of TCQA and TFQA treatments, was focused on and discussed. In our study, TCQA and TFQA
treatments in NSCs showed a significant performance on improving synapse growth and neurogenesis compared with no treatment
of NSCs. The two treatments in NSCs also had a significant activation of the ErbB signaling pathway, protein kinase B (AKT), and
mitogen-activated protein kinase (MAPK) kinases. In particular, the TCQA-expressed proliferation gene myelocytomatosis
oncogene (Myc) had the greatest connections significantly. TFQA treatment remarkably regulated the differentiation gene jun proto-
oncogene (Jun), which was the gene with greatest direct relations, while Myc was also induced in TFQA treatment. In the overall
quantitative real-time polymerase chain reaction (PCR) assay, TFQA had more outstanding neural proliferation and differentiation
capabilities than TCQA in NSCs. Our study suggests that TFQA has greater therapeutic potential in neurogenesis promotion and

neurodegenerative diseases compared with TCQA,
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B INTRODUCTION

Cinnamoylquinic acids make up a group of naturally occurring
compounds belonging to the family of phenolic acids. They are
derivatives of quinic acid, which is a cyclic polyol compound
that is found in various plants. Caffeoylquinic acids (CQAs), as
specialized natural plant bioactive metabolites and a subset of
cinnamoylquinic acids, are found in a wide range of foods,
including coffee beans, potatoes, popular c1trus fruits,
chrysanthemum, kuding tea, and honeysuckle flower.' CQAs

their derivatives have anticancer, antioxidant, anti-
ory, antibacterial, antiparasitic, antiviral, and anti-

* The CQA derivative-rich sweet potato extract
has a neurop effect and improves spatial learning and
memory in vivo.’ RNA expression of the glycolytic
enzyme (PGK1) and intrasellular adenosine triphosphate
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quantitative real-time PCR. Quantitative real-time PCR Software
1.3.1 (Applied Biosystems, CA) and Gapdh (Mm99999915 gl)
(Applied Biosystems, CA) were used as the endogenous control. All
reactions were run in triplicate.

Statistical Analysis. The results were obtained as the mean +
standard deviation (SD). Statistical analysis was performed using
GraphPad Prism 6 (GraphPad Software) and Student’s ¢ test for
comparing two value sets. P-value < 0.05 was considered statistically
significant.
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Abstract

Caffeoylguinic acids (CQAs) and feruloylguinic acids (FQAs), as cinnamoylguinic acids, have
neurogenesis promotion effects. We studied for the first time the neuregenesis-enhancing effect
of 3,4 5-fri-feruloylquinic acid (TFQA) d to 3 4,5-fri-caffeoylquinic acid (TCQA). which has
a similar structure, and explored their different cellular and molecular mechanisms in neural stem
cells (NSCs) of mice brains. After 2 weeks of incubation, we first assessed the number and size
of NSCs in TCQA and TFQA treatments. In NSCs treated for TCQA and TFQA, the NSC
proliferation gene expression as well as neurcnal and glial cell differenfiation gene expressions
improved. In the microarray assay, the erythroblastic cncogene B (ErbB) signaling pathway, as
the common signaling of TCQA and TFQA treatments, was focused on and discussed. In our
study. TCQA and TFQA treatments in NSCs showed a significant performance on improving
synapse growth and net i with no of NSCs. The two treatments in
MNSCs also had a significant acfivation of the ErbE signaling pathway, protein kinase B (AKT). and
mitogen-activated protein kinase (MAPK) kinases. In particular, the TCQA-expressed proliferation
gene myelocytomatosis oncogene (Myc) had the greatest connections significantly. TFQA

remarkably reg the di iation gene jun prot ] {(Jun), which was the
gene with greatest direct relations, while Myc was also induced in TFQA treatment. In the overall
quantitative real-ime polymerase chain reaction (PCR) assay, TFQA had more outstanding
neural proliferation and differentiation capabilifies than TCQA in NSCs. Our study suggests that
TFQA has greater therapeutic potential in neurogenesis promotion and neurodegenerative
diseases compared with TCQA.
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