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Recent phospholipid-targeted investigations aiming to create a beneficial functional food
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Abstract

The second most predominant glycerolipid class in ordinary diets is phospholipids having
two fatty acid groups. They consist of a large number of molecular species, depending
on the structures and binding positions to the glycerol backbone of fatty acyl moieties.
Their intestinal absorption, transport into lymphatic vessels, and subsequent metabolic
conversions in the body are considered to be dependent to their molecular species
composition. Also, their beneficial effects after absorption on physiological processes of
different tissues are expected to be molecular species-dependent. Here we review recent
investigations on molecular-species dependent transport, metabolism and bioactions in
mammalian body of sea food-derived phospholipids enriched with »3 fatty acyl groups.
Glycerophospholipid preparations derived from various food sources contain a small
amount of components that exert a potent physiological effect even at a low level (especially
monoacylglycerols and lysophospholipids). This review highlights recent findings obtained
by lysolipid-targeted studies that are aimed to create a beneficial functional food.
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Abstract

Evodiamine is a major alkaloid compound extracted from the dried, unripe fruit of Evodia rutaecarpa.
Evodiamine has been shown to have various bioactivities in humans. We identified and quantified evodiamine
in Dunaliella tertiolecta (Chlorophyceae) by LC-MS/MS and determined that D. tertiolecta dried powder

contained 0.40 pg/g of evodiamine.
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Dunaliella tertiolecta

Introduction

Evodiamine is a major alkaloid compound extracted
from the dried, unripe fruit of Evodia rutaecarpa.
Evodiamine has a variety of bioactivities, such as anti-
obesity!" 2, anti-allergenic3), analgesic‘”, anti-tumor®,
anti-ulcerogenic®, and neuroprotective activities”.
There are no reports that evodiamine is contained
in plants other than E. rutaecarpa. Therefore, we
analyzed whether evodiamine was contained in 17
species of microalgae (Aphanizomenon flos-aquae,
Spirulina platensis, Nostoc commune, N. sphaericum, N.
Sflagelliforme, Nostochopsis lobatus, Dunaliella salina,
D. tertiolecta, Haematococcus pluvialis, Chlorococcum

sp., Chlorella pyrenoidosa, Emiliania huxleyi,

anti-obesity

O
N anti-allergy
N - analgesia
H ,N anti-tumor
HsC

anti-ulcerate

neuroprotection
Evodiamine

Pleurochrysis carterae, Porphyridium purpureum,
Rhodosorus marinus, Euglena sp., and Sarcinochrysis
sp.) by HPLC and found that D. fertiolecta contained
evodiamine®. D. tertiolecta is a strictly photoautotrophic,
unicellular chlorophyte with a single cup-shaped
chloroplast and a photosynthetic apparatus similar to that
of higher plants”. D. tertiolecta exhibits anti-aggregant
activity!”, hypocholesterolemic activity'", and skeletal
muscle relaxant activity'?. D. tertiolecta accumulates
bioactive compounds, vitamin E'9, vitamin B,
coenzymes'?, glutathione (y-glutamyl-cysteinyl-
glycine)'®'", and phytosterols'® '9. Therefore, D.
tertiolecta may contain other bioactive compounds, and

we analyzed the evodiamine content in D. fertiolecta.
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Materials and Methods

Reagents

Evodiamine was obtained from LKT Laboratories
(USA). All other reagents were of the highest

commercially available purity.

Alga

D. tertiolecta (obtained from Prof. Mukohata of Kochi
University of Technology) was grown in outdoor open
raceway ponds at the MAC Miyako farm in Okinawa.
The culture medium contained 1 g of KNO3, 35 mg of
K,HPO,, 43 mg of NaHCO;3, 19.6 pg of CuSO,4-5H,0,
44 ng of ZuSO4 7 H,0, 20 pg of CoCly-6 H,0, 360

pg of MnCly-4 H,O, 12.6 pg of Na,MoO,4-2 H,0, and
10 mg of Fe-EDTA in 1 L of sea water. The cells were
harvested by centrifugation and immediately sterilized
by heating (90 °C, 30 min), and then dehydrated by
freeze-drying.

Sample preparation

Three grams of D. fertiolecta powder was mixed with
50 mL of 70% methanol aqueous solution at 90 °C
for 60 min, and then filtered after cooling. Forty-four
milliliters of this extract was concentrated and resolved
in 5.0 mL of acetonitrile and filtered through a 0.20 pm

Millipore filter. Ten microliters of acetonitrile sample

Table 1 LC-MS conditions for qualitative analysis of evodiamine

LC System
Column
Column temperature | 40 °C
Solvent
Flow rate 200 uL/min
Gradient program

Injection volume 5.0 uL

Agilent 1100 series HPLC (Agilent)
InertSutain C18 (¢p2.1 x 150 mm)

A: 10 nmol/L ammonia aqueous solution, B: acetonitrile

B: 60% (0—7 min) — 95% (8—13 min) — 60% (14-20 min)

MS System

Tonization Electrospray
Polarity Positive
Nebulizer 35 psi

Dry gas 8.0 L/min
Dry temperature 365 °C
Capillary -4300 V

Target Mass (m/z) 304

Esquire 3000 plus ion-trap LC/MS" system (Bruker Daltonics)

Table 2 LC-MS/MS conditions for quantitative analysis of evodiamine

LC System
Column
Column temperature | 40 °C
Solvent
Flow rate 200 uL/min
Gradient program

Injection volume 5.0 uL

LC800 (GL Sciences, Tokyo)
InertSutain C18 (¢2.1 X 150 mm)

A: 10 nmol/L ammonia aqueous solution, B: acetonitrile

B: 60% (07 min) — 95% (8—13 min) — 60% (14-20 min)

MS System

Ionization Electrospray
Polarity Positive
Collision gas 4eV (1)
Curtain gas 50

Ionspray voltage 4500 V (+)
Dry temperature 300 °C

Monitor ion 1 (m/z)
Monitor ion 2 (m/z)
Scan type MRM

API4000 (AB SCIEX, Tokyo)

Precursor ion: 304.2, product ion: 161.1
Precursor ion: 311.3, product ion: 164.2
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was diluted with 990 pL of 10 mmol/L ammonium
aqueous - acetonitrile solution (4:6, v/v). The mixture
was filtered through a 0.20 pm Millipore filter before
identification and determination by LC-MS for

qualitative and quantitative analyses.

LC-MS systems and conditions

For qualitative analyses of evodiamine, we used an
Ion Trap LC-MS. The LC-MS conditions are shown
in Table 1. For quantitative analyses of evodiamine,
we used a Tandem LC-MS/MS, and the LC-MS/MS

conditions are shown in Table 2.

Results and discussion

Fig. 1 shows the extracted ion chromatogram of
evodiamine and the MS/MS spectrum of the peak
(retention time 6 - 6.9 min, m/z 304). The MS/MS
spectrum of evodiamine revealed that the major
fragment ions included m/z = 171.1, 161.1, 144.1,
and 134.1, and the minor fragment ions included
m/z = 287 and 187. Wen et al.?” showed that the
fragment ions of evodiamine were m/z = 287, 187,
171, 161, 144, and 134. Fig. 2a shows the extracted
ion chromatogram of the D. tertiolecta extract. A
peak at the retention time 6-6.9 min was found. The
MS/MS spectrum of this peak (retention time 6—6.9

min) is shown in Fig. 2b. There were many peaks

x108
64

44 J

0- v

14090423.D: EIC 304 +All

-
N
0o

12 14 16 18 Time [min]

Retention time (min)

Intens
x105 "
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1.5
1441

1.0

1711

0.5 134.1
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Fig. 1 Extracted ion chromatogram and MS/MS spectrum of the evodiamine standard

a) Extracted ion chromatogram (m/z = 304)

b) MS/MS spectrum of the peak (retention time 6-6.9 min, m/z = 304)
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Fig. 2 Extracted ion chromatogram and MS/MS spectrum of the D. fertiolecta extract
a) Extracted ion chromatogram (m/z = 304)
b) MS/MS spectrum of the peak (retention time 6—6.9 min)
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Fig. 3 MS/MS spectrum of the D. tertiolecta extract at m/z = 304
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in this spectrum. Therefore, the MS/MS spectrum
was analyzed at m/z = 304 (Fig. 3). The MS/MS
spectrum of the D. fertiolecta extract revealed that
the major fragment ions included m/z = 287.2,
161.1, 144.2, and 134.1, and the minor fragment
ions included m/z = 187 and 171. The MS/MS
spectrum of the D. tertiolecta extract was similar to
the MS/MS spectrum of evodiamine.

For quantitative determination of evodiamine
in D. tertiolecta, an internal standard method
was performed by LC-MS/MS (Table 2) with a
detection limit of 0.28 ng/mL. The D. tertiolecta
extract contained 0.21 £ 0.016 pg/mL evodiamine.

A recovery test of evodiamine from D. fertiolecta

extract spiked at the level of 10 ppb was performed.
Good recovery (97-103%) was observed.
Therefore, we calculated that D. tertiolecta dried
powder contained 0.40 + 0.03 pg/g of evodiamine.
This is the first study to show that evodiamine is
contained in D. tertiolecta. E. rutaecarpa contains
0.38-12.4 mg/g of evodiamine?". The amount of
evodiamine in D. fertiolecta was smaller than that in
E. rutaecarpa. Changing the D. tertiolecta culture
conditions may increase the evodiamine content of
this alga. In addition to evodiamine, D. tertiolecta
contains other bioactive compounds, which may
make D. tertiolecta an interesting biotechnology

health food venture.
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Study on Improvement of Processing Properties and Palatability of White Sorghum Bread
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Summary

In recent years, it has become more common for millet to be eaten in family meals, mixed
with rice. However, bread-based meals mainly use wheat bread, and bread made with millet
flour as the main ingredient is not generally eaten.

The authors have previously undertaken studies to establish methods of preparing bread
using millet flour. Therefore, to advance the development of millet flour bread as a staple
food, first we decided to add thickening polysaccharide to increase the rising of the bread
and improve its texture, and investigate the effect on its bread making qualities.

In this study, we added thickening polysaccharide step by step to white sorghum flour,
made it into bread, and measured the volume and texture. We used Metolose MCE4000,
SFE4000 and SE50 (manufactured by Shin-Etsu Chemical Co., Ltd.) as thickening
polysaccharides. Adding MCE4000 produced the greatest improvement effect; when 1.00%
was added, the bread rose better. However, adding 1.25% was preferable in terms of
structure and texture, and was considered suitable for adding to white sorghum bread. We
performed a sensory evaluation of bread with 1.25% MCE4000 added and bread with 1.25%
SES50 added, against a control. Both the breads with MCE4000 and SE50 were evaluated as
better overall.
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WINE T, 208488~ 57, SES0 %
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RO ZR 3 IR, LA Fe—
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1.25% W L 72 Rf D 475 P D E 23 b 1K D> -
oo —J7, WOHMEDE D o 7 DIk SFE4000 %
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O%lE - Byl (L5 H2 6 14EDLE) Lv Il
nNThsd, KEFET ISR L 8 log
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W7 B A M TH 505, Byl 1 F28 L
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= 235
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1
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3 HUDHENT UHFE Leuconostoc mesenteroides IRM3 IC &3 U AT U FHED b NEE LR Caco-2 #lAE

(A) BET ATV IRERE (B) ~OERADIE 1

plantarum AN6 ¥RIZIHHFRIKINEEDSZR D 54, H
CUEHEIEC RN S REED DD 5 T L DMEII X
N7 10, Lb. rennini g K1 RICIZ Ly 2 v
EWURIBTEE (v- 7 2/ BERRLEAREE) 25380 5
0, BUEBRECOEEML Db ) RIS
Nk, FRDFL AT DS DNHED )b
YL LIGE % $5 15 10# K L 72 Ln. mesenteroides
IRM3 13 '®) & b EREE Caco-2 Ml X
CAT?TANDY 2T Y TEHORAZINEH L
(B3'), =Y A=27u77— RAW264.7 i
EXFTXAL 7 UGB Y 7 a (DSS)
CTHEE L 7o SIEEIGEE R (Inflammatory bowel

Lactobacillaceae:; g ;5

*, %% Control £ LU THRBZEH D *p<0.05 **p<0.01

disease: IBD) E FIL =7 2T B KAEHNHI
ER SR L 72 20,

7 F L XKD Lb. plantarum AN1 b
IBD € 7 V=7 A CRHEMHIE-N 2R L, %
DBRICEBNED Lb. reuteri DEFINDIER O 5
o (R477), %GFMEIC X 2 WAETLRRE O
EMALDME T ICERC @ EEZ 5N B,

1-3. D359 LAER

55T LIRIRET L7 7)) o) b & 2 ik
FL7ch ZIRAARIB L & HITFEES E 21
B X DRI 7 FLIRFE RS £t © (1K 2), & (IE

DSsS +
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Loctobocillus; 5

Loctobacillus; 5

Lactobocillus;_s__ 1 ek
toctobocilius:_ s reuter o TEEE JERRT RS - B

4 DSSICLKZRIEMBER (IBD) ETILNTVRICEITZHUDRENT UHE Lactobacillus plantarum

AN1 DA FEHEH R 20

ERBIKAR D DSS IC& D RIGORIRE E REBDBENRHS5NZH, H5H U0 AN ZEBIUEIT TVWBEVYIIT
(FEAS M RENIFE S, BBAD Lb. reuteri DIFMHFRH 5N D,
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[ Le. lactis

| BF1,3

V. fluvialis

Relative OD 600nm (%)

H) onvoifhtbds, £, FOIAT
Lix, KOERNBZEMDS L a vy EHERE
WK LAZHOTHRICEITIAALZ D TH S,
PESTL, PwIZATLED, EEICIx4
log CFU/g T DMEE STELE L T B 28, (BH#f
W i cEINAZN 854, BltR 3 HEgICIZ
FLEEBEDY 8 log CFU/g DL iz b, EITIAHA
7 BRI IR 1% DL b, pH I 4.5 LTS
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DIEFBEICH &KIFT pH (A, D), BEHEE (B,E), $LVES (C,F) nE?Y
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de Man, Rogosa, Sharp (MRS) 7" 1 2 % Gifu
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FLIBEREE D353l S 1, FRYERSHL HEY A NGRS
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AT 4 IHROBEG S H 2 20,
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WNEY) 2 MR, Y& B i 2 3
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- A: Glycocholic acid

g

a =

B: Taurocholic acid

C: Deoxycholic acid
L a a

d a

f

Cholic acid lowering capacity (%)

Lb. plantarum  Lc. lactis

Type S-SU3 Type Suzuki® Type S5-5U3 Type Suzuki8 Type S-5U3 Type Suzuki8
Lb. plantarum

Lc. lactis Lb. plantarum  Lc. lactis

6 FRIEEEEKRAME (S-SU3, Suzuki8) HLUPZDEEL (Type) D in vitro THREHEAEREAE 2
O: 468, B NEEE. o f ELAXFRTEREHDD (0<0.05),
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2B OTHRIEE 2R L7z 2402020 )5, v
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ZIZB W TUIAEE DRI E I TH - 72,

2-3. p-Z +bO7 =/ —IVEREEE
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RT, OTUIERIENM - RIEOBEEZFRLE L
TR SN TELD, BEGRYEOV LD
L3N, NFICHT 3EEbMEINTY
5, INFTREEFULICHCS 0, T
BEWL TVE 3 S e L) 70 £ 6 T &I
PRACKFITRE DB 2 SNTE D, 77 4
e BRI B O Pseudomonas syringae <2 filUik
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opacus 73 ESRE I TV 5 98V HE 5L
HEPE O i & 072 PNP R HEVEENY O I A
Wik Tvb ez Lz P/HL, faH
D I E WA Y % PNP & f Brain Heart Infusion

(BHD) 7’0 AWML, 2 DIKEBE 2 HER L 72,
Z DFER, WIEEIC Db & 3 PNP AR
O o, ZORERIIZ RN G Z & IR
Le. lactis subsp. lactis DSYEHE L T\ iz, ZD
T HEFLIEEE O PNP K EE 13 73 BER R I & -
TRECELD, AXFBANEYHRK Le. lactis
JS-1 I W 722 PNP {EIRBEDSFR 0 & 17z %2,
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-1, BRORE

RIS L 720 9 LR 2 b D i
B, IERL fRtofh, @M GRMIERZ &)
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ﬁﬁ%bﬁ@%’ﬁ%@ﬁﬁﬁﬁﬁ@%b(!
7), ZNDFHSI N0 F FHERE L 725411,
ﬁ@%m%ﬁmwﬁiﬁﬁﬁatét@,ﬁ
TUERSPATEIC & > THRAICHER I NS, FH
5, ZOEEEEEREERMEMELTE
SRS 27280, %7 L4 HEO &R, B
Wbl e 2 WE LT & 7230 U ETIR E 51T,
BEREME & koW 2 HINIC, HEFEEED T HE
RIME B X ORI OBERZTH> T\ 5,
InFETTie, =B, SRR, BRI o
BEED & 08 L 72 Lb. plantarum % JH\> T4
Tl 35 D BRI B HE TR D FEIERE % BT L 72 58,
BEEHTRTARX (XA 7)), THEIH, fL
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X7 BINEENG (K),
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—J, NEETIEERICE T k0 %
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Pk E o) ETEROBER-P, Hotw
D) DLW D 5 O KIKER ORRE D Tb 1
Tw3, FEHESHINFETIL, ANRNOTET
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9o FRCEBMES & Z DTN DOE LDSHH
HEEDMED 7 DICAHRTH %, b EHE
BRI D E IO 72 DI IZ B O PR & 1
SR ORM, EEEVERINIETH D,
BROFEOMOEMET LXK, T7ULT S
FOXIR1Bardd0iEefabF oo
9 e HOYED SN —TTHY, oD
MERD Ik L ERIE, FlOBEICEbE T
D3, L2LaPrs, 7Ly yAittogs,
FRITIZ Y v RV EOBERARTH Y, %
U DRIR (7 & A I35, W) (1
bEOWTELRL L, ZNoPEFEINIESE
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Gefh CRfee, MUEIE), waminL Omgs, BER
IREE) THELBH, s DFEEOREEIZE
T LA ATERTHSL, 22T, IrT ik
2L ZD NN T vEMEICBIR D 2 GBLEDS,
TNT VR B IEDOHES LW ST
H5,

VAPV DIAVA ()} (4

% DRITH 6 R DBYDOISY v 7]
1, BROMAFICHREEGEEFN TS, 2D
— DAL BB IX, FHEOBRDEEL 7 2
JBEATLEEMYMELGZLDDTH S,
DOSBEIC X D, i~ 7 IV BHR (EEED
TNy, Fayy) I oIS (TS
BOBELDH 2) b, [EHNIC, BT
ZURTEIE, 200G, 2R
T3 — )L —KIEBIC BT B A & 974
bDTHB ; AED 70T IV ERNED LT
Y >~ (Osbornel907) TH 2, 7u 7 I VX4

BHR—BXOEEDO Y v 0B e EaH, VT
VURFIEE Dy R BEER e, ) T
7 — R OIS R 7R, WA LS
IHTEMIIC Ko CE RIS NTEL (L
71X SDS-PAGE, DEAE, SE-HPLC, RP-HPLC
¥y 7)) —@ERAKE), BXO7 I B
DWRE, TR, Hads0ide7 3/ BHK
(Wrigley 5 D L E 22— 2004), SR, /NE,
FA4%E, KFE, F—rEE-HH gy v
NRIBRAL, ZHUI IS DEMOMYINED
REIERIZ) TKML TV 5, —RoMEIC
X0, Z2nsiEZ3 o0 —=TIcasns;
(1) EoF= (HMW) Zr—7 (2) HfHS
T8 (MMW) Zv—7 (3) Ko+ (LMW)
IN—7"ThHbhH, BEOTEII NV —T124D
T RTOBYIZIHFIET 5 (Shewry & Tatham,
1990;Wieser, 1994) , #i&7T — 4% —DFRRNIZEK S
N—"7, £¥ 4 7&R3TICRL T,

HMW 7 V— 713, HMW Z V5 =v %72

£31 E, SIE, AE, A NEOKBE L /XIEL A TORBY

Group/Type Code? Residues  State®  Repetitive unit® Q P F+Y G C
HMW group

HMW-GS x Q6R2V1 815 a QQPGQG(72x) 36 13 58 20 05
HMW-GSy Q52JL3 637 a QQPGQG(50x) 32 11 55 18 1.1
HMW-secalin x Q941KG6 760 a QQPGQG(66x) 34 15 67 20 05
HMW-secaliny Q941L4 716 a QQPGQG(60x) 34 12 5.0 18 1.1
D-hordein Q40054 686 a QQPGQG(26x) 26 11 5.5 16 1.5
MMW group

w5-gliadin Q40215 420 m  (QQQQFP(65x) 53 20 10 07 00
wl,2-gliadin Q6DLC7 373 m (QP)QQPFP(42x) 42 29 99 08 00
w-secalin 004365 338 m (QQPQQPFP(32x) 40 29 8.6 0.6 0.0
C-hordein Q40055 327 m (Q) QPQQPFP(36x) 37 29 94 06 0.0
LMW group

o/B-gliadin QIM4MS5 273 m QPQPFPPQQPYP(5x) 36 15 74 26 22
y-gliadin Q94G91 308 m (Q)QPQQPFP(15x) 36 18 52 29 26
LMW-GS Q52NZ4 282 a (QQQPPES(11x) 32 13 57 32 28
y-40k-secalind Q41320 - m QPQQPFP - - - - -
y-75k-secalin QIFR41 436 a QQPQQPFP(32x) 3822 61 16 2.1
v-hordein P17990 286 m  QPQQPFP(15x) 28 17 77 31 35
B-hordein P06470 274 a QQPFPQ(13x) 30 19 73 29 29
Avenin Q09072 203 m PFVQQQQ(@3x) 33 11 84 20 39

“Databank Unit Prot KB/TREMBL (http://pir.georgetown.edu).

ba=aggregated, m=monomeric.

“Basic unit frequently modified by substitution, insertion and deletion of single amino acid residues.

d Fragment.
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=v I (HMW-GS) (&), HMW A Y v (7
£4#) LD-F—LFv (KZ), HMW-GS &
HMW & A ) Vi x- & y- ¥4 72 S IC7HE
ENB, INLDY U RTEDyFEIZK 70-
90KDa CTh %, 7 I /I E I VY 2 v,
sy, Fug sy TR s TR
DRIT0% TH B, ZN51E, 3 DDOME R X
AvaEbL, 120 FEMDIKL, N-Kid F
X4 DRy 100 kL, FEMDIEL D C K N
XA TR 40 BE» 2 DZHD, 2L TED
BL DL R XA 2 400-700 FEFEED S DTH
%, D F XA IZIE YYPTSP @ X 9 I~
YR F FZELAARTEHE L TOREDIKL
D6TFE, 72k Z1FQQPGQG: TH Y, X
HIZFYRTFFQQP H Bk QPG D &L 5 7%=

FURTFFzEL, JEHDIEL N- Rk X
U, C-RKMF AL 3T 0w Ny 3
v, JUry, unyrEgThh, 78
BIEDL S DIZF v —2 L8 EFRics A7
AvMBHY, 2RI AN T 4 FEEA CHERS
HLTWw3, RARDIRETIE, HMW 7LV —7
DY UNRTBEIFRAEL, K7V a— Tkl
ST < vy,

MMW 7L — 73 MHAEDH 3 wl,2- 7'V 7
Py (UhE), o-kHV Y (F4F), C-F—
VTFy (RE), 2=—rkes-7) TPV
(NE) ok d, 2o DRI 40-
50KDa ThH %, 6%, 73 /BHK® T
VRTURATHY, EINVY Iy, Su)y,
TN T 72 UPEERTENS IZEERED
H80% IET B, 7 I/ WA DFE L DI
(Q) QPQQPFP & %\ 2k (Q) QQQFP D X 9 72
BOBLI=y b2 6%25, PATA U2HE
RIFTHBEDT, MMW 2V —7 D 87 'H
€/ 2 —TdH D EEITKTILa— )L Tl &
na,

LMW 7L —7" DX v N—F, H—D¥ v
NIBIGTen, 22 TR o, y- VTS
v UNE), v40K-tAh Vv (F9A4F), y-F—
VT (KR#E), 7=v (F—1+%), LMW
IVF vy 7=y b (LMW-GS) (M),

v-75K- A ) v (94 3F),p- F—LT v (KE)
BHEURGYVNIVETHD, TN6DTT&E
1% 30-40KDa D#iPH T, y-75kDa- £ AV v (47
B 50kDa), &7 R=Y (4FEH 22kDa)
BN THB, BETOINEDY VN7 HIZN
K EAL gV y 2y, 7a) v, HEK
T/ (7= V7 7=y, Fusry) BE
ATED, CEMIFAL ZLD 7 I VBT
VABENTWT, YATA VERREDORREIZZ
CILHB, MFASLORESIZ, BEHICE-T
HBipoTwd, -7V TPV, v-40K- LAY v,
y- R =L 7 VIIMHEMEDH D, QPQQPFP D X
I RMEDIBLDBL K, EHICC-KmF XA~
HIZ SS FEET4fEfEAL TV 5, ap- 7V 7T
CUIINEDATH D 3 ZDN- Kl B A A v
¥ QPQPFPPQQPYP D & 9 72 #f b 3k L TR
THH, CERIMF AL ITIF 3D SS FEEH
b, REDapELILy- ¥ AT ¥ 0E
ZE/ ~—THOH, /K7 La—LTHETE %,
INGDY VRVEDDBUTY AT A VIEREED
T, BETORRERICL2XDTHD,
I8 = IV—HEF) IRT7e 7 I vRiaoE
Tld =y ) —NAREWSE STV T ) YR T
H5b,
TRZUE, LMW 2L —7FHNORL /NS
FURIBETHY, ZIUIFE W N- K B x A
v CHE— 3 DD DK L AL (PFVQQQQ) %
b, CRME XA I, —E8alp-, yv-FA 7
WWHFEESRH D, =7V v v F O
D3R LEEFI, QPQLQQQVF DXk I b D% H
3%, LMW-GS, v-75K- &4V ¥, B- =7
YREEYVNIETHY, Al Lbfho
T URIBEE 1D SS fEEEBIRLTw3,
LMW-GS O N-Kifii K X £ ~ 1%, QQPPFS ® X
IR L 2=y PRI TH D, C A
FX A E 3o SS fiaDMHAERGZ &L,
NREh o 1o 254 vERE L C Kt
FAAL DY 2T A4 VIZMHA#EBICHEET
%,

y-75K & A V) ¥ iF y-40K & A U I EDS
HBHD, N-KIE R AL BT EREL, o7
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TNTY7 V=B EREEREL, T ORI

WG T2 ATA4 VEEEZAEL TV, B-
A=A F Uiy A= F v HAED S D,
L2 L, Wiy fil&aTHSS itz d %,

BEAER

AREERIZ, —RICRY Ty 2D Y 8y
B, R7F FO@mMEMAIZ E D “Good standard”
EEZONT VS, YOI T, 3B
Wk 2RI DO L DX, WIEH D WITF >
02— AT M ® 2 IR R D X 5 22 JkEnd
Nz iz EonTithoTwi, Lol
WS TNT v DRKETEENRREbDINLTWS
ADHG L BIIAEIrTH -7, H D51,
10-100g 3K BFICMETH 57z, IH6ITTD
XIORLET, BEINLY VR 0ED DI
R7FFTRFTFTANT S ESRBIEN 2
ALK CH > 7, EHEZNMBIZ AN, HioTH
REfIBR I A (AR R 2 3 % £, DRV
TYD 1Ig YRICE TS THNTE 2, ME
D DFFEINE L, BEOWEI T 3
MEDOE I DKL, ENHIEIC X5 LR
U 2 oSERMNGE FRE, BEMEOEBEET 387
X =% —TH % LR ENT (Fraser et al, 2003,
Dewar 5 2006),

AERNREZ, LB REDE ) ST,
DR S N7 HDOHBEE TP 5 /i —E
D in vitro WFIE L 72, AN D /NG HLER O FH%
i1, 07V T v D mg MR BT,
in vitro COR S EEE T 2B R L REZ
T3, BEEIGHE, H 2 0IFEEERHIE I
2T, Fo Ik o I MEMBIZELNICD A
WHREZRTH, LrLeV) 7y 2EEZEDOFE
DAHTIER Y, bo EHRLIZE->T, YTy
IR B OEBEDS Tcell 74 >~ (MLR) &
M7 1@ — > 23 U 7 v 7958 O I EEDF o ik
WHWS Nz,

7l 2R, H5TMEERT Y2 A ITHEE
DOYUFE (§9 10-200ug/mL) PLERFELEMIAE, T I
i, PUFILEL7FIPrDA v Fa—
v a v btz (Ellis er al 2003), K 2
days DH EF I D T cell FADHLY JAHRDY

PUFL—ya VIETERNIGEAR, 5
A vy —7z0rv .y, HH0IFA vy —uA
X ADEPED, VT v ZRFEERTIEE R
ARG A= —L LTPRETER, 51T, K
BETANT, BRIy FHZ0WIE=7 VG
Z W7 R 470, IR EIE
ERNT, wrn 7y —REEEN, BBk
K562 Ml D 2B 03% P> DRPRINICA 7 Y —=
v R L,

TGIWF B VINVBELUORTF ROEHE

Dicke (1950) &, ®HI/hELDXY) 7 v 7
mEzHE L, $C8T, 744, KREIIX
FERH Y, —H, twvEwmay, K, VYN
Z 9 Tl v E R 7z (Kasarda DL E o —,
1994), S HE T4 — b FZoEMIF T S 1I2Wk
Z0b LT3, NEROTHEBHTATID
FIATNEINT UBEETH B L) R
ThHY, —H, TrITY, MNEETNVT I VIR
ZIH) TRV, ZNLLE, VT Y—&
HBEY Ty VIROBEENER L B>, 20
kB ETNT Y v E T, WENE,
FYTFT—N, FAFE, KRE A—FEILH
D, F—bFEIZOWTIE, AIZX o TEARNM:
TdH % (Codex stan 118-1981), e\ > TR T
138 R HOEMEIZ/NE (Wieser DL E 2 —
1995) IZDWTDARfTR b,

TNT UL, KTy ) —I)LTT I a—)LEE
7’8 7 2 v (gliadins) & 7V a— L ARIET L
7 ¥ (glutenin) 1273 F & N7y, #FHMERERIZ,
gliadin X33 b #7727 ¥ — B RE 0>
7zo invivo, invitro # I 5IZT T, ETDHT
V723 A7 (alp-, y- 0- 7V TP V) D
PR Z R LT, INETY) 72 v XA ITHRYS§
2bpLlT7uT VXS, 1EOMARS A
TDIAEY R IE (AY V), RE (F—
VT V) A3, BEREREZL TRV Ty 7k
RO, A=+ ETB T IV (TR=Y)
DFMEIZSH ETHERDOE VDD EEZ 5NT
X7, INEINT = oEiIEER, 55,
BT Tl wS kYIRS
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®32 MFITNTFUrOBIRENI-LYT Y VRESNTF KDx, 73 /BE5
Type  Sequencea Testb Reference
ao/p LGQQQPFPPQQPYPQPQPF IN Sturgess et al.(1994)
o/p PQPQPFPSQQPY IN Marsh et al. (1995)
o/p LQLQPFPQPQLPYPQPQLPY IN Fraser et al. (2003)
o/p VPVPQLQPQNPSQQQPQEQVPL OC Wieser et al. (1986)
Y LQPQQPFPQQPQQPYPQQPQ TC/TG  Arentz-Hansen et al. (2002)
Y FSQPQQQFPQP TC/TG  Arentz-Hansen et al. (2002)
Y PQQPFPQPQQQFPQPQQPQQ TC/TG Arentz-Hansen et al. (2002)
HMW  GQQGYYPTSPQQS TC Van de Wal et al. (1999)
HMW QGYYPTSPQQSG TC Van de Wal et al. (1999)
LMW  QQQQPPFSQQQQSPFSQQQQ TC/TG  Vander et al. (2002)
LMW  QQPPFSQQQQQPLPQ TC/TG  Vander et al. (2002)

4One-letter-code for amino acids.

PIN, instillation test (;E5tER) ; OC, organ culture test (FHEREERER) ;

TC, T cell test (Tcell

NTED, Lo LIFFITA o7 sl i
k2%, NETLT =Y, HMW-GS, B
L OLMW-GS Bl bRITETT A b Ik
D> T2, in vivo, in vitro TIl¥, HMW-GS I ¥
X Gliadins DX H €V 7y ViREELSE
2% % L7, (Molberg et al 2003; Dewar et al
2006) ., T cell FIHGEERT LMW-GS 225 D~ 7’
FRCRET 2L, COYVRIEDYALTH
F7e, RELRY Ty 7 RRINGERIGZ R
L 7z (Vader et al 2002).,

P2 —L LT, TRTCOWBSY v 37 (7
u7Iv+ ATV, hE FTAE, KRE
HHER S A — 2RIV T vy I EIC
Codex Standard 118-1981, ¥ & U\ Draft Revised
Codex Standard P CERZINDE VLT YD L9
ThHb, HWEnsrINT vy R EDLE
LN/ RTF FELITER - BEI NIRRT F
F, W50 8xvidsmEREZ Ty, Y Ty

#XBR) ; TG, treated with tissue transglutaminase (¥ )V & 3 +—t#E&).

IRDOLE b —=7"THE0EIPRDITE%D
77 -7 (L E 2—I1% Sterm & 2001, Anderson
& Wieser2006), 54 & DWFIEIX, NETY 7
VEITNT DR F FICERL (Ron/
FERTF FIZR3212Z20H]1E LTRLE),
in vivo, in vitro DY =V — L LT, WY v
RIGEDINY Iy, FTayry)yFHOLE
=7, ELRZUNERTCTHE, TaY v,
TN I UEIED ANSTIE, FIEDUT I R
7TFFPELST2HLAFVHRTRY 7y WG
H:%HET 2 (Sollid, 2002), BMZED S5
FRERIZ N T Y ED Tz D FF A & LT/
F, 74%E, KE, "R o4 — 1 ZF Ol
FURIBEEETEEURETHY, 51K
BoRREZ IV Sy, oY)y F -
Er—7ICERSBEDLINIEREL L) T L
ZWHRT 5,
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TMeikai University Research Institute of Odontology (M-RIO)

2Department of Pharmacognosy & Natural Medicines, Faculty of Pharmaceutical Sciences, Josai
University

3Department of Traditional Chinese Medicine, Shanghai Ninth People’s Hospital

Summary

Unlike western medicine, Kampo medicine consists of complex ingredients, which act
synergistically to improve symptom and physical fitness of subject comprehensively. Improvement
of oral function and dementia, and neuroprotection by Kampo medicine are urgent research
themes in the elderly society.

What is Kampo medicine

Oriental medicine originated in ancient China more than 2000 years ago, and it came to Japan
around the 5-6th century and achieved its own development. Currently, the “Kampo” performed
in Japan is mainly that developed in Japan (named “Koho"), while some part of which use
Traditional Chinese medicine (TCM) performed in modern China. Kampo medicine include “herbal
medicine” prepared by drying all or a part of plants, animals, minerals etc, and “extract “ prepared
by extracting with hot-water and drying as a powder.

Western medicine (new drug) is a single compound synthesized chemically, and targets specific
molecule in the body. Western medicines are effective against diseases when the appropriate
diagnostic information is available, but they do not improve the physical fitness in most cases.
On the other hand, Kampo medicines are prepared by combining two or more kinds of herbal
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medicines (shoyaku), judging symptoms, physical fitness and constitution etc of subject. It
thus enhances natural healing awareness, improve balance, and comprehensively improve the
condition of subjects.

There are two types of Kampo preparations: one for medical use and the other for general use.
For medical use, 148 prescription 678 products are approved, partially covered by insurance,
prepared based on prescription of doctor. For general use 294 prescription 2367 products have
been approved and can be purchased at pharmacies, drugstores®.

Utilization of Kampo medicine for oral health

It has become increasingly apparent that oral health is co-related well with general health.
Many Kampo medicines are considered to be effective against stomatitis, oral infections,
dysgeusia, halitosis, glossalgia, temporomandibular disorder, tooth extraction treatment and
periodontal disease®. Hangeshashinto®* and licorice extract® inhibits the IL-1p-induced-PGE,
production in gingival fibroblasts and periodontal ligament fibroblasts, exerting a strong anti-
inflammatory effect. Dementia improvement and brain protection by Kampo medicine have been
reported®. Generally, the anti-HIV activity of Kampo medicine, prepared by hot water extraction,
is generally weak”. However, alkaline extract of licorice extract”, green tea, oolong tea, orange
flower ¥ shows higher anti-HIV activity than hot water extract. Supplementation of alkaline extract
may further expand the therapeutic ranges of Kampo medicine.

Biotope along the banks of Koma River

The bank of the KOMA River that flows through Sakado City, Saitama Prefecture is a biotope for
a variety of plants and creatures. Especially, the area from TAWAME Bridge (where Medicinal Plant
Garden of Josai University and KOMA riverbed ground are located) to TAWAME TENJIN Bridge
were renewed last year by the pavement of running road and the installation of benches and
gazebor. This site became the best place for residents and walkers to contact the nature. You can
see fruits such as persimmon, chestnut and plum in garden of nearby houses, and ducks, turtles,
carp and so on in the river. Because the spring water of KOMA river is soft, it is most suitable for
making soy sauce and miso. Miso can inhibit amyloid-induced neuronal cell injury, possibly via
hormetic growth stimulation®, and therefore is expected to prevent the dementia.

From the middle to the end of June is the best season for mulberry fruit (Mulberry). Ripe red
and black one is surprisingly sweet. Mulberry fruit contains vitamins, minerals, polyphenols such
as anthocyanins, and dietary fibers including lignin-carbohydrate complex (LCC). Mulberry fruit
shows higher anti-HIV activity that blueberry, since the former contain higher acounts of LCC than
latter'™", It is used for manufacturing a mulberry jam and as TCM in China. However, few Japanese
students know that mulberry fruit is edible. The leaf and root bark of mulberry are used as a herbal
medicine, for example the leaf is in green juice “Aojiru”, and therefore, it is necessary to analyze
the pharmacological action of its leaf.

Benefits of nature

Nature is powerful. While solar, hydraulic and wind power generation is a major energy source,
typhoons pose a threat that produces tremendous damage. Plants and animal abundantly present
in the nature kingdom provide materials for fruits, ingredients and medicines. This series of
traditional medicines in Japan and China will introduce their classification, medicinal effect, history
and culture. The next issue will focus on What is Medicinal Food "YAKUZEN".
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