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A study on the vector effect of microplastics for

Java medaka (Oryzias javanicus) and Japanese medaka (Oryzias latipes)
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Thesis Summary

Recently, the scientific interest and particularly the economic significance of halophytes have been highly
demanding due to the medicinal and nutraceutical potential of its bioactive compounds. The xero-halophyte
herbs, Bassia indica and Agathophora alopecuroides, are deemed to be among the promising sources of
natural compounds that need chemical and biological investigation. Non-communicable diseases (NCDs)
greatly burden societies and national governments owing to their high mortality rates. They cover a wide
range of health issues, such as neurological disorders, cancer, and dermatological conditions. The objectives
of this study were; (i) to perform detailed chemical studies on B. indica and 4. alopecuroides, followed by
structural characterization of the metabolites using 1D, 2D NMR, and HR-MS analysis; (ii) to investigate the
potential of metabolites for the treatment of Alzheimer's disease (AD), cancer, and skin diseases. In this
study, classic and modern chromatography were applied and a total of thirty-six compounds were obtained

and several among them had promising therapeutic activity.

First of all, the chemical investigation of B. indica afforded 25 compounds. Then, we evaluated the
inhibition activity of isolates against acetylcholinesterase enzyme, which is known as a target for AD drugs.
6,7-Dihydroxycoumarin and quercetin showed pronounced anti-acetylcholinesterase activity. Additionally,
we obtained seven amide alkaloids from B. indica and A. alopecuroides, and their inhibition activities on
AD targets, such as monoamine oxidase type B (MAO-B), B-secretase, phosphorylated tau-protein, and AB-
aggregation, were evaluated. N-tranms-feruloyl-3-methoxytyramine, N-trans-feruloyltyramine, N-trans-
caffeoyltyramine and 3-(4-hydroxy-3-methoxyphenyl)-N-[2-(4-hydroxyphenyl)methoxyethyl]acrylamide
showed multi-targeting inhibition activity against MAO-B, PB-secretase, phosphorylated tau-protein, and
anti-aggregation of AB-peptides. Further in-depth in silico and modeling analyses (i.e., docking, absolute
binding free energy calculations, and molecular dynamic simulation) were carried out to reveal the binding
mode of amide alkaloids inside the enzymes MAO-B and B-secretase. The results indicated that the amide
alkaloids might be useful in the development of lead compounds for the prevention of neurodegenerative

diseases, especially AD.

The second part of the study was aimed to assess the anti-tumor and anti-inflammatory properties of the
isolated compounds from B. indica. The methanol extract and the isolated triterpene saponins displayed
promising anti-inflammatory activity. N-trans-feruloyltyramine exhibited significant cytotoxicity against
OVK-18 with ICso = 1.74 pg/mL, while 6,7-dihydroxycoumarin exhibited a potent inhibition against MCF-7
cells with ICso = 1.47 pg/mL. Moreover, two compounds exhibited remarkable cytotoxicity against HCT116,

and six compounds exerted potent cytotoxicity against HepG2.

The third part of the study was conducted to gain a detailed view of the protective effect of A.
alopecuroides in aged and diseased skin. This part of study reports on the isolation and structure elucidation
of 3 previously undescribed compounds (glucosylceramide, flavonol triglycoside, and triterpene oleanane

saponin), along with 8 known ones from 4. alopecuroides. Ceramide synthase-3 (CerS3) plays a crucial role



in epidermal hydration and restoration of the skin barrier function; therefore, the influence of A.
alopecuroides extract and its isolates on the mRNA expression levels of CerS3 in human keratinocyte cells
(HaCaT) was evaluated. Among the isolates, isorhamnetin-3-O-glucoside, B-sitosterol-3-O-glucoside, B-

sitosterol, and solysaponin A significantly enhanced the expression levels of CerS3.

In conclusion, the potential utilization of the biomass resources, B. indica and A. alopecuroides, for the
treatment of NCDs were evaluated. Herein, seven novel compounds, including two flavonoids, two amide
alkaloids, two oleanane saponins, and one glucosylceramide, were encountered and characterized for the first
time. Our study revealed a new scaffold of amide alkaloids for AD treatment, as well as the future
development of AD therapies. Furthermore, we provided scientific validation for the anti-inflammatory and
anti-tumor activities of B. indica. The study results indicated that A. alopecuroides is a promising source of
candidate compounds with capacity to stimulate epidermal ceramide synthesis and recover aged dry skin in
atopic dermatitis and psoriasis. Finally, the chemical and biological properties reported here will be an

important first step toward future drug discovery and cosmeceutical applications.
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Thesis Summary

Most studies on the physiological effects of food compounds such as anthocyanins have focused on
evaluating the bioactivity and their mechanisms in vitro and in vivo. However, there are few reports on food
compounds’ bioavailability such as intestinal absorption, blood circulation, and tissue-accumulation in target
organs. One of the factors would be considered as the lack of an analytical assay capable of accurate
evaluation of their bioavailability. Thus, the present study aimed to clarify the bioavailability such as
intestinal absorption, metabolism, and tissue accumulation of food compounds like anthocyanins using in
situ MALDI-MS imaging technique. The aim of the present study was then to establish a novel MALDI-MS
imaging system to visually and quantitatively assess the tissue accumulation of food compounds.

Firstly, in situ MALDI-MS imaging method that can visualize intestinal absorption/metabolism dynamics
of food compounds was used to evaluate the absorption process of anthocyanins, including an acylated
cyanidin (cyanidin-3-(2"-xylose-6"-feruloyl-glucose-galactoside, Cy3XFGG), in rat intestinal tissue. As a
result, Cy3XFGG was clearly visualized in rat jejunum tissue sections with 60-min of transport. The present
results also exhibited that the MS image and intensity of Cy3XFGG in the jejunum tissue sections were
diminished by inhibition of organic anion-transporting polypeptide (OATP) 2B1. This indicates that
Cy3XFGG can be absorbed into the intestinal membrane via the OATP 2B1 in its intact form. Moreover, in
this study, conjugated Cy3XFGG (glucuronidated, sulfated, methylated, and their combination forms) was
not detected in the Cy3XFGG-transported intestine tissue sections, while Cy as a degraded form of
Cy3XFGG was slightly visualized in Cy3XFGG-transported tissue sections. Thus, it was demonstrated for
the first time that acylated anthocyanins can be incorporated and transported across the intestinal tissue in
their intact form with relatively strong resistance against phase 1/11 metabolism.

Secondly, this study focused on establishing a novel quantification approach for MALDI-MS imaging by
applying MS ionizable fluorescent compounds for nondestructive fluorescent monitoring of the sprayed
matrix amount, and additives to improve the homogeneity of the matrix crystal. Ferulic acid (FCA), a
representative absorbable metabolite of acylated anthocyanins as visualized MALDI-MS, possessing various
physiological benefits such as anticancer activities was applied to the quantitative MALDI-MS imaging
technique. As a result, among fluorescent reagents (R6G, 7-methoxycoumarin-3-carboxylic acid, naphthalene,
and 6-carboxyfluorescein) used in this study, R6G was added to 1,5-DAN solution as MS ionizable
fluorescent reagent to compensate matrix spray amount and normalize MS intensity. Furthermore, O-DNB
was used as a matrix additive to form uniform matrix crystals on tissue sections. At the spraying condition



using R6G in 1,5-DAN solution containing O-DNB, reproducibility (RSD = 3.1%) and linearity (0.5-75
pmol/mm?, R? = 0.9972) of relative MS intensity of FCA were significantly improved compared to those of
conventional cycle-number-fixed spraying (40 cycles, RSD = 31.1%, R? = 0.9349). Then, tissue-accumulated
FCA was visually determined to be 3.5, 3.0, and 0.2 umol/g tissue in rat kidneys at 15, 30, and 60 min after
the oral administration (50 mg/kg), respectively. A linear correlation was observed between quantified
accumulation levels by the present MALDI-MS imaging and those by LC-MS (R® = 0.9906, n = 3).
Therefore, successful quantitative capability of MALDI-MS imaging of tissue-accumulated food compounds
was achieved via the formation of fluorescence-assisted reproducible matrix crystals by R6G (the MS
normalizing standard) in the 1,5-DAN solution containing O-DNB.

In conclusion, the present study has demonstrated that an intact form of acylated anthocyanin can be
absorbed into the intestine via OATP 2B1 by in situ MALDI-MS imaging, and the MALDI-MS imaging
system with fluorescence-assisted spraying method was established as visible and quantitative evaluation
technique for the bioavailability of food compounds, such as intestinal absorption, metabolism, and
tissue-accumulation. In the future, it is highly expected that the present gMALDI-MS imaging system will be
a powerful analytical method to evaluate the bioavailability of functional compounds in the development of
functional foods
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