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Development of gastroprotective food based on phospholipid-induced mucin
production
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Mucosal injury in gastrointestinal (Gl) tract is frequently observed in

chronic user of non-steroidal anti-inflammatory drugs (NSAIDs). Here, we developed a functional food
for prevention of NSAIDs-induced stomach ulcer based on a biological action of Iysoghosphatidic
acid (LPA). We found that concentration of LPA in stomach fluid is 2-3 microM, and that LPA around
the physiological concentration enhances production of PGE2 and proliferation of stomach cells.
Among examined, brans of rice and buckwheat, roots of Syakuyaku herb were found to contain abundant
LPA and PA, a precursor of LPA. The lipid extracts from these plant materials prevented aspirin- or
indomethacin-induced stomach ulcer in mice. It will be possible to develop functional foods for
prevention of side effect of NSAIDs using these LPA- or PA-rich plant materials.



(NSAIDs)
NSAIDs
NSAID
1/3
NSAIDs
NSAIDs
(LPA)
LPA [1]
2 LPA
(2]
(COX)2
(PG)E2
[2] LPA
LPA
NSAIDs
NSAIDs
LPA
(PA)
[3] PA
LPA
NSAIDs
@
Avanti po
lipids Alabaster AL)
A23187
Sigma-Aldrich (St.Louis MO)
PGE Cayman Chemical
Arbor MI) BrdU ELISA
Roch Mannhein, Germany)
®
LPA
PA [4]

lar

Ann

LPA PA
[3]
(3)NSAIDs
[3]
300mg/kg 23mg/kg
3%
3-4
) LPA
MKN74
(
LPA
CDNA
PCR
[2]
MKN74
LPA
PGE,  ELISA
PGE,
MKN74 LPA
LPA Brdu
4
DNA
5) LPA
LC/MS LPA
[5]1 0.2mm
400mm?
LPA
()NSAIDs
PA
PA
10mg/100g
20-40mg/100g PA
PA-rich
50 mg/100g
PA
PA



PA 200mg/100g
PA-rich
PA 20%

PA

D)
PA

[1]
PA-ric

PA 1/10
[1] PA

PA
PA

PA
PA

@

6mg/kg

50%
PA 4mg/kg

PA

NSAIDs

A B
30 100
£ g
2
= ]
3 € 60
E 2 s
: g
2 e 20
K . o
§ 1 1 0-
g " 0 0103 1 3
]
- [+ Concentration (mM)
100
2
0 N Saf e e
> & & & & +
& N N N N c %0
S S N S s
@ @ @ 4 = 40
< N < i 5
3 & 2 I g
& < & S 5 20
o S S S &
< N @\* N 0
A N 0 01 03 1 3
& Concentration (mM)

®3) LPA
30

100nmol PA  20nmol
LPA nmol 20nmol

PA LPA
PA-rich

LPA

LPA2

) NSAIDs

PA LPA
PA LPA

[1-4]
PA LPA

21 PA LPA
« 2

A LPA B PA

Peany oot

thizome
thizome
thizon

Panax thizome
Alracylodes thizome
Alractylodes 1ancea izeme
Phellodendron bark |NO
Ginger thizome (steamed)
Corydais tuber |ND
Licorics roat

Aractylodes

Ginger rhizome dry)
Moutan conex Moutan corlex
Fonnel frut Fonnel fuil
Pinela tuber Pinalla tuber |NO
Bupleurum ool Bupleurum root
Schisandea Indt |npy Schisandra fruit
Pora schrtum |y Poria selrotin |NO
Amomum seed [ND Amomum $eed
Zedoary thizome [ND Zedoary thizome [ND
Sophora et IND Saphora root
Coptis hizome IND ‘ Copls izome
Saybean seed Foods Soybean seed

Cabbage leaves . . Cabbage leaves .
0 100 m 30 0 500 1000 1M

gy )

PA
100mg/100g
PA-rich
LPA
) (

LPA 20mg/100g
LPA 30-50
( LPA 11%
LPA

®

LPA 2.8 mg/kg
50%
5.7mg/kg

29/kg

29
5-6 mg

LPA2  LPA5 MKN74
LPA LPA
PGE,
LPA 3uM
PGE,
LPA



LPA2

Non-treated

LPA2
LPA  PGE,

« 3

Indomethacin Indomathacin + LPA

(6)LPA
MKN74 LPA
MKN74
LPA
LPA
LPA
(
Protrusions with
budded vesicles

2-3u M
5)

PGE,

200 nm

LPA

LPA LC/MS

LPA
LPA (
MKN74

LPA

o
o

3
gzs
£ 2
E..
15
05
u ;
5
®)
LPA
2-3uM LPA
2 LPA
E2
LPA
LPA PA
NSAIDs
LPA
NSAIDs

[1] T. Tanaka, G. Horiuchi, M. Matsuoka, K.
Hirano, A. Tokumura, T. Koike, K.
Satouchi, Formation of lysophosphatidic
acid, a wound-healing lipid, during
digestion of cabbage leaves, Biosci.
Biotechnol. Biochem., 73 2009,
1293-1300.

[2] T. Tanaka, M. Ohmoto, K. Morito, H. Kondo,
M. Urikura, K. Satouchi, A. Tokumura,
Type 2 lysophosphatidic acid receptor in
gastric surface mucous cells: possible
implication of prostaglandin E,
production, Biofactors, 40 2014,
355-361.

[3] T. Tanaka, K. Morito, M. Kinoshita, M.
Ohmoto, M. Urikura, K. Satouchi, A.
Tokumura, Orally administrated
phosphatidic acid and lysophosphatidic
acids ameliorate aspirin-induced
stomach mucosal injury inmice, Dig. Dis.
Sci., 58 2013, 950-958.

[4] T. Tanaka, A. Kassai, M. Ohmoto, K.
Morito, Y. Kashiwada, Y. Takaishi, M
Urikura, J. Morishige, K. Satouchi, A



Tokumura, Quantification of
phosphatidic acid in foodstuffs using a
thin-layer-chromatography-imaging
technique. J. Agric. Food Chem., 60
2012, 4156-4161.

[5] K. Tsuboi, Y. Okamoto, N. lkematsu, M.

Inoue, Y. Shimizu, T. Uyama, J. Wang, D.
G. Deutsch, M. P. Burns, N. M. Ulloa, A.
Tokumura, N. Ueda, Enzymatic formation
of N-acylethanolamines from
N-acylethanolamine plasmalogen through
N-acylphosphatidylethanolamine-hydroly
zing phospholipase D-dependent and

-independent pathways, Biochim. Biophys.

Acta, 1811 2011, 565-577.

6

Sheuli Afroz, Ayano Yagi, Kouki
Fujikawa, M Motiur Rahman, Katsuya
Morito, Tatsuya Fukuta, Shiro Watanabe,
Emi Kiyokage, Kazunori Toida, Taro
Shimizu, Tatsuhiro Ishida, Kentaro
Kogure, Akira Tokumura and Tamotsu
Tanaka, Lysophosphatidic acid in
medicinal herbs enhances prostaglandin
E, and protects against
indomethacin-induced gastric cell
damage in wvivo and in vitro,
Prostaglandins and  Other  Lipid
Mediators, , 135 , 2018, 36-44
doi:-org/10.1016/j .prostaglandins.2018
.01.003
Takashi Kida, Aoi Itoh, Akari Kimura,
Hisatsugu Matsuoka, Hiroyuki Imai,
Kentaro Kogure, Akira Tokumura and
Tamotsu Tanaka, Distribution of
glycosylinositol
phosphoceramide-specific
phospholipase D activity in plants, J.
Biochen. , , 161 , 2017,
187-195
doi:10.1093/jb/mvw060
Junpei  Yamamoto, Midori Omura,
Koichiro Tsuchiya, Mayumi Hidaka,
Akira Kuwahara, Minoru Irahara,
Tamotsu Tanaka, Akira Tokumura,
Preferable existence of
polyunsaturated lysophosphatidic
acids in human follicular fluid from
patients programmed with in vitro
fertilization, Prostaglandins and
Other Lipid Mediators, , 126

, 2016, 16-23
http://doi.org/10.1016/j .prostaglan
dins.2016.07.008
Sheuli Afroz, Teru lkoma, Ayano Yagi,
Kentaro Kogure, Akira Tokumura and
Tamotsu Tanaka, Concentrated

phosphatidic acid in cereal brans as
potential protective agents against
indomethacin-induced stomach ulcers.-
J. Agric. Food Chen., , 64
2016, 6950-6957

DOI: 10.1021/acs.jafc.6b02884
Toshihiko Tsutsumi, Yoko Okamoto,
Syougo Yamakawa, Cheng Bingjun, Akira
Ishihara, Tamotsu Tanaka, Akira
Tokumura, Reduced rat plasma
lysophosphatidylglycerol or
lysophosphatidic acid-induced renal
and adipose dysfunctions, Life Sci.,

, 157 , 2016, 208-216
https://doi.org/10.1016/j - 1fs.2016.06
.003
Ryouhei Yamashita, Yumika Tabata, Erina
lga, Michiyasu Nakao, Shigeki Sano,
Kentarou Kogure, Akira Tokumura and
Tamotsu Tanaka, Analysis of molecular
species profiles of
ceramide-1-phosphate and sphingomyelin
using MALDI-TOF mass spectrometry,
Lipids, , 51 , 2016, 263-270
DOI: 10.1007/s11745-015-4082-0

7
Antiulcer effect of lysophosphatidic
acid-rich medicinal herbs and its
mechanism, Sheuli Afroz, Katsuya Morito,
Kouki Fujikawa, Ayano Yagi, Kazunori
Toida, Emi Kiyokage, Kentaro Kogure,
Shiro Watanabe, Akira Tokumura, Tamotsu
Tanaka, 40
90
p439, 2017 12 6-9 ,

Phosphatidic acid-rich cereals as
anti-ulcer foods and their mechanisms
of action, Sheuli Afroz, Katsuya Morito,
Kouki Fujikawa, Ayano Yagi, Teru lkoma,
Emi Kiyokage, Kazunori Toida, Kentaro
Kogure, Tamotsu Tanaka,
26 p200, 2017 9

22-23

Ameliorative effect of phosphatidic
acid and lysophosphatidic acid in herbs
against NSAIDs-induced stomach ulcer.
Sheuli Afroz, MD. Motiur Rahman,
Kentaro Kogure, Shiro Watanabe, Kimio
Takeda and Tamotsu Tanaka,
47
p35, 2017 28

Effect of phosphatidic acid on
NSAIDs-induced stomach ulcer and its
content in cereals. Sheuli Afroz, Teru
Ikoma, Ayano Yagi, Shiro Watanabe,
Akira Tokumura and Tamotsu Tanaka,



44
p33, 2016 23

Effect of phosphatidic acid on
indomethacin-induced stomach ulcer and
its content in plant sources
Afroz Sheuli

, 88

p288, 2015 12 1

’ ’ 88
p288, 2015 12 1

) , 57
, pl00-101, 2015 5
28 ,
2
A cleanup method for mass
spectrometric analysis of
sphingosine-1-phosphate and

ceramide-1-phosphate in blood and
solid tissues using a phosphate
capture molecule (revised version),
Jun-ichi Morishige, Ryouhei
Yamashita, Tamotsu Tanaka, Kiyoshi
Satouchi, #n Methods in Molecular
Biology. ed. by A. Pebay and K.
Turksen, Springer, 1697 , 2017, 15

(
. , .90

, 2018, 7

http://www._tokushima-u.ac. jp/ph/faculty
/labo/esi/

@
TANAKA, Tamotsu

90258301




