NATURAL PRODUCT COMMUNICATIONS

An International Journal for Communications and Reviews Covering all
Aspects of Natural Products Research

|ODIVERSIT

I0SYNTHESI

Volume 13. Issue 4. Pages 387-512. 2018
ISSN 1934-578X (printed); ISSN 1555-9475
(online) www.naturalproduct.us



NPC H Natural Product Communications

EDITOR-IN-CHIEF

DR. PAWAN K AGRAWAL
Natural Product Inc.

7963, Anderson Park Lane,
Westerville, Ohio 43081, USA
agrawal@naturalproduct.us

EDITORS

PROFESSOR MAURIZIO BRUNO

Department STEBICEF,

University of Palermo, Viale delle Scienze,

Parco d’Orleans II - 90128 Palermo, Italy
maurizio.bruno@unipa.it

PROFESSOR CARMEN MARTIN-CORDERO
Department of Pharmacology, Faculty of Pharmacy,
University of Seville, Seville, Spain

carmenmc@us.es

PROFESSOR VLADIMIR I. KALININ

G.B. Elyakov Pacific Institute of Bioorganic Chemistry,
Far Eastern Branch, Russian Academy of Sciences,
Pr. 100-letya Vladivostoka 159, 690022,

Vladivostok, Russian Federation
kalininv@piboc.dvo.ru

PROFESSOR YOSHIHIRO MIMAKI

School of Pharmacy,

Tokyo University of Pharmacy and Life Sciences,
Horinouchi 1432-1, Hachioji, Tokyo 192-0392, Japan
mimakiy@ps.toyaku.ac.jp

PROFESSOR STEPHEN G. PYNE

Department of Chemistry, University of Wollongong,
Wollongong, New South Wales, 2522, Australia
spyne@uow.edu.au

PROFESSOR MANFRED G. REINECKE
Department of Chemistry, Texas Christian University,
Forts Worth, TX 76129, USA

m.reinecke@tcu.edu

PROFESSOR WILLIAM N. SETZER

Department of Chemistry, The University of Alabama in Huntsville,

Huntsville, AL 35809, USA
wsetzer@chemistry.uah.edu

PROFESSOR PING-JYUN SUNG

National Museum of Marine Biology and Aquarium
Checheng, Pingtung 944

Taiwan

pisung@nmmba.gov.tw

PROFESSOR YASUHIRO TEZUKA

Faculty of Pharmaceutical Sciences, Hokuriku University,
Ho-3 Kanagawa-machi, Kanazawa 920-1181, Japan
y-tezuka@hokuriku-u.ac.jp

PROFESSOR DAVID E. THURSTON

Institute of Pharmaceutical Science

Faculty of Life Sciences & Medicine

King’s College London, Britannia House

7 Trinity Street, London SEI 1DB, UK
david.thurston@kcl.ac.uk

Full details of how to submit a manuscript for publication in Natural Product Communications are given in Information for Authors on our Web site

http://www .naturalproduct.us.

Authors may reproduce/republish portions of their published contribution without seeking permission from NPC, provided that any such republication is
accompanied by an acknowledgment (original citation)-Reproduced by permission of Natural Product Communications. Any unauthorized reproduction,
transmission or storage may result in either civil or criminal liability.

The publication of each of the articles contained herein is protected by copyright. Except as allowed under national “fair use” laws, copying is not permitted by
any means or for any purpose, such as for distribution to any third party (whether by sale, loan, gift, or otherwise); as agent (express or implied) of any third
party; for purposes of advertising or promotion; or to create collective or derivative works. Such permission requests, or other inquiries, should be addressed
to the Natural Product Inc. (NPI). A photocopy license is available from the NPI for institutional subscribers that need to make multiple copies of single
articles for internal study or research purposes.

To Subscribe: Natural Product Communications is a journal published monthly. 2017 subscription price: US$2,595 (Print, ISSN# 1934-578X); US$2,595
(Web edition, ISSN# 1555-9475); US$2,995 (Print + single site online); US$595 (Personal online). Orders should be addressed to Subscription Department,
Natural Product Communications, Natural Product Inc., 7963 Anderson Park Lane, Westerville, Ohio 43081, USA. Subscriptions are renewed on an annual
basis. Claims for nonreceipt of issues will be honored if made within three months of publication of the issue. All issues are dispatched by airmail throughout

the world, excluding the USA and Canada.

HONORARY EDITOR

PROFESSOR GERALD BLUNDEN
The School of Pharmacy & Biomedical Sciences,

University of Portsmouth,

Portsmouth, PO1 2DT U.K.

axuf64@dsl.pipex.com

ADVISORY BOARD

Prof. Giovanni Appendino
Novara, Italy

Prof. Norbert Arnold

Halle, Germany

Prof. Yoshinori Asakawa
Tokushima, Japan

Prof. Vassaya Bankova
Sofia, Bulgaria

Prof. Roberto G. S. Berlinck
Sao Carlos, Brazil

Prof. Anna R. Bilia
Florence, Italy

Prof. Geoffrey Cordell
Chicago, IL, USA

Prof. Fatih Demirci
Eskigehir, Turkey

Prof. Francesco Epifano
Chieti Scalo, Italy

Prof. Ana Cristina Figueiredo
Lisbon, Portugal

Prof. Cristina Gracia-Viguera
Murcia, Spain

Dr. Christopher Gray

Saint John, NB, Canada
Prof. Dominique Guillaume
Reims, France

Prof. Duvvuru Gunasekar
Tirupati, India

Prof. Hisahiro Hagiwara
Niigata, Japan

Prof. Judith Hohmann
Szeged, Hungary

Prof. Tsukasa Iwashina
Tsukuba, Japan

Prof. Leopold Jirovetz
Vienna, Austria

Prof. Phan Van Kiem
Hanoi, Vietnam

INFORMATION FOR AUTHORS

Prof. Niel A. Koorbanally
Durban, South Afiica

Prof. Chiaki Kuroda

Tokyo, Japan

Prof. Hartmut Laatsch
Gottingen, Germany

Prof. Marie Lacaille-Dubois
Dijon, France

Prof. Shoei-Sheng Lee
Taipei, Taiwan

Prof. M. Soledade C. Pedras
Saskatoon, Canada

Prof. Luc Pieters

Antwerp, Belgium

Prof. Peter Proksch
Diisseldorf, Germany

Prof. Phila Raharivelomanana
Tahiti, French Polynesia
Prof. Stefano Serra

Milano, Italy

Dr. Bikram Singh

Palampur, India

Prof. Marina Stefova

Skopj, Republic of Macodenia
Prof. Leandros A. Skaltsounis
Zografou, Greece

Prof. John L. Sorensen
Manitoba, Canada

Prof. Johannes van Staden
Scottsville, South Africa

Prof. Valentin Stonik
Viadivostok, Russia

Prof. Winston F. Tinto
Barbados, West Indies

Prof. Sylvia Urban
Melbourne, Australia

Prof. Karen Valant-Vetschera
Vienna, Austria



NPC H Natural Product Communications

Resveratrol Oligosaccharide Induces mRNA Expression for SIRT

2018
Vol. 13

No. 4
455 - 456

Hiroki Hamada™", Kei Shimoda®, Yasukazu Saitoh*, Shouta Doi®, Yuya Fujitaka®, Tsubasa Ono®,

Hatsuyuki Hamada® and Minami Araki®

“Department of Life Science, Faculty of Science, Okayama University of Science, 1-1 Ridai-cho, Kita-ku,

Okayama 700-0005, Japan

®Department of Biomedical chemistry, Faculty of Medicine, Oita University, 1-1 Hasama-machi, Oita 879-5593,

Japan

‘Faculty of Life and Environmental Sciences, Prefectural University of Hiroshima, 562 Nanatsuka, Shobara,

Hiroshima 727-0023, Japan

National Institute of Fitness and Sports in Kanoya, 1 Shiromizu-cho, Kagoshima 891-2390, Japan

hamada@dls.ous.ac.jp (Hiroki Hamada)

Received: January 5™ 2018; Accepted: March 3 2018

Piceid (resveratrol 3-O-B-D-glucoside) was glycosylated by cyclodextrin glucanotransferase to give oligosaccharides of resveratrol. Resveratrol

oligosaccharides induced mRNA expression of SIRT!-6.

Keywords: Piceid, Cyclodextrin glucanotransferase, Oligosccharide, Expression of mRNA, Sirtuin.

Resveratrol  (trans-3,4',5-trihyrdoxystilbene), which has been
isolated from fruits such as grapes and berries, and several
medicinal plants, is one of the most important stilbene compounds
[1]. It shows anti-oxidant, anti-allergic, and anti-aging (sirtuin
activating) activity [2-6]. On the other hand, the glycosylation
reaction enhances the solubility of the substrates, and increases the
activity of biosynthetic intermediates in plant cells [7]. Recently,
glycosylation of organic compounds by biocatalysts, such as UDP-
glycosyltransferases, has attracted synthetic attentions, because of
its simple reaction procedure compared with chemical
glycosylation, which requires several procedures for protection-
deprotection of sugar moiety. Furthermore, the biocatalytic
glycosylation of organic compounds can improve their water-
solubility, stability, and absorption after oral administration, and
increase their biological activities. It is well known that
glycosylation provides advantageous changes in pharmaceutical
activity compared with the aglycone molecule. Herein, we report
the preparation of oligosaccharides of resveratrol by glycosylation
of piceid with glucosylransferase. Also, the effects of resveratrol
oligosaccharides on expression of SIRTI-7 are reported for the first
time.

Piceid (resveratrol 3-O-B-D-glucoside, 1) was glycosylated by
cyclodextrin glucanotransferase according to previously reported
procedures [8]. HPLC analysis showed that products consisted over
five glycosylated compounds (Figure 1). ESI"/mass analyses of
products 2-5 indicated these compounds had 2-5 hexoses in the
corresponding molecules ([M-H]™ m/z: 551 (2), 713 (3), 875 (4),
1037 (5)), showing products are mixture of saccharides of
resveratrol. The chemical structure of sugar moiety of compound 3
was determined to be [-maltotrioside [o-(1—4)-glucooligo-
saccharide] by NMR spectroscopic method [8].

The cytotoxicity of resveratrol oligosaccharides was examined
using normal human fetal lung fibroblast TIG-1 cells. The cells were
treated with test sample at variable concentrations for 24 h. The
resveratrol oligosaccharides showed low cytotoxicity (Figure 2).
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Figure 1: HPLC chromatogram of oligosaccharide products 2-5 from piceid (1).
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Next, the effects of resveratrol oligosaccharides on mRNA
expression for SIRTI-7 in TIG-1 cells were examined. The TIG-1
cells were treated with 100 mg/L of resveratrol oligosaccharides for
24 h. Relative mRNA expression levels of SIRTI-7 gene were
analyzed by quantitative real-time PCR. The enhancement of
mRNA expression levels for SIRT1-6 was found in the cells treated
with resveratrol oligosaccharides (Figure 3).

Thus, it was demonstrated that resveratrol oligosaccharides have
positive potential for expression of SIRT gene in TIG-1 cells. The
results obtained here clearly showed that resveratrol
oligosaccharides significantly enhanced S/RTI-6 expression in the
cells. Recently, it has been reported that resveratrol is a potent
activator of SIRT1 [9]. This is the first report of the positive effects
of resveratrol glycosides on SIRT gene. Resveratrol
oligosaccharides shows not only quite better water-solubility, but
also quite lower cytotoxicity than resveratrol (data not shown).
Therefore, cells are able to be exposed to higher concentrations of
resveratrol oligosaccharides. It was suggested that higher
concentration of resveratrol oligosaccharides might increase the
accessibility to cells attributed to its high water-solubility, and
potentiate the various effects of resveratrol due to its low
cytotoxicity.
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Figure 2: Cytotoxicity of resveratrol oligosaccharides in TIG-1 cells.
Results are expressed as mean + SD (n = 3-10). Significantly different from control:
*P <0.05.

] ek i
| I I i
SIRT1 SIRT2 SIRT3 SIRT4 SIRTS5 SIRT6 SIRT7
Figure 3: Differences in mRNA expression for SIRT7-7 in TIG-1 cells.
Values are expressed as mean + SD (n = 3). **Significantly different from control: P <

0.01. White and black boxes shows controls and results in the presence of resveratrol
oligosaccharides (100 mg/L), respectively.

Experimental

Cell condition: Normal human fetal lung fibroblast TIG-1 cells
were obtained from the Japanese Collection of Research
Bioresources (Osaka, Japan. The cells were cultured in Eagle’s

Hamada et al.

minimum essential medium (MEM, Nissui Pharmaceutical Co. Ltd.,
Tokyo) supplemented with 10% heat-inactivated fetal bovine serum
(Biological Industries, Ltd., Kibbutz Beit-Haemek, Israel) and 2
mM L-glutamine (Wako Pure Chemical Industries Ltd., Osaka,
Japan) at 37°C in an atmosphere of 95% humidified air and 5%
CO.. The cells were continuously cultivated, and cellular replicative
senescence was induced.

Evaluation of cell viability: Cell number was assessed based on
mitochondrial enzymatic conversion of WST-1 [2-(4-iodophenyl)-
3-(4-nitrophenyl)-5-(2.4-disulfophenyl)-2H-tetrazolium, sodium
salt] (Dojindo Laboratories, Kumamoto, Japan) to yellowish
formazan, indicative of viable cells. Following AsA treatment and
subsequent 23 h incubation, cells were rinsed with phenol red-free
DMEM and incubated for 3 h in phenol red-free DMEM containing
5 mM WST-1 and 0.2 mM 1-methoxy-5-methylphenazinium
methylsulfate at 37°C. Absorbance at 450 nm was measured with a
microplate reader (FLUOstar OPTIMA; BMG Labtech, Offenburg,
Germany). Cell viability was expressed as the percentage of
absorbance relative to that of the non-treatment control cells.

Real-time quantitative polymerase chain reaction: Real-time,
reverse transcription (RT), quantitative polymerase chain reaction
(qPCR) was performed according to the manufacturer’s protocols at
each stage. Total RNA was extracted from cells using the
NucleoSpin RNA 1II kit (Takara Bio Inc., Shiga, Japan). RT
reactions were then performed using a PrimeScript® RT Master Mix
(Perfect Real Time) (Takara Bio). Quantitative real-time RT-PCR
reactions were carried out using 2 pL (50 ng) cDNA as template;
0.8 puL of the forward and reverse primers appropriate for each
target gene, and SYBR® Premix Ex Taq ™ II reagent with SYBR
Green (Takara Bio). Reactions were conducted using the ECO Real-
Time PCR system (Illimina Inc., CA, USA) with the following
reaction profile: pre-denaturation for 30 s at 95°C, followed by 40
cycles of PCR amplification at 95°C for 5 s and 60°C for 30 s. We
then performed a melt curve analysis to determine the reaction
specificity. Relative expression levels were calculated using the 2°
A2 method after normalization by reference to glyceraldehyde 3-
phosphate expression.
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