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Prophylactic Effect of Glutamate on Gastrointestinal Damage
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Glutamate is known as the umami substance in the diet and umami taste has been traditionally preferred in East
Asian countries. Recent our and others’ studies showed that glutamate has potential to protect the gastrointestinal
mucosa against noxious agents. In contrast, Helicobacter pylori infection and non-steroidal anti-inflammatory drugs
(NSAIDs) are recognized as the two major causes of gastrointestinal diseases characterized by gastritis or gastrointesti-
nal ulcers. We examined whether dietary supplementation of glutamate prevents the Helicobacter pylori infection- and
NSAIDs-induced gastrointestinal damages in animal models. In this paper, we first review how these noxious agents de-
velop gastrointestinal damages, and secondly discuss the possible candidates of protective factors as well as the mechan-
isms how glutamate prevents these gastrointestinal damages. We propose that our daily intake of glutamate has im-
portant roles in protecting the gastrointestinal mucosa against Helicobacter pylori and NSAIDs and possibly contributes

to the maintenance of our healthy lives.
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—75, BIE, HFTH 3000 5 A\ D HE A NSAID
ZHHIRAL TR, IRAEZED 10-20% IEI1EH &
U CHILEGEEJAE, KETIIBELN 10 77 AN
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THALZITT OBEERICEDEIERTHD, 20
RIUIIKR, HFLTH .9
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HILERSE G E OB ET VI L, BFEBICIEA
THZEERWHL, TOANZXLEZWIEL TE
7z. I T, REOHIRZERZAT, ZIVE I VEN
R DKL LR RE DML E R B ET IITH T 220 R
ERETLEEHIZ, HEORBFEHRIIZTENSESY
WE 2 DEEOEMRENCE L THERT 5.

TILT 3 BCoONWT

TIVE I UEBIREAR, S D, BREMEY
NITEDOHTRHBELSEENTWDLIENATY X /B
Thv, 2<05H, BEHTHNHLXDEEFIC
BHRICEG L TWAYWETH D, £z, HEHETH
570N UBEOKRIT 5 FK) &L T, 1909
FICHE S IC X0 BAEL 0 - FE, HERIN:
M0 BIETIEHIR, Mok, Bk, EHRELDBITS
HAKD 1 DTHD, Tumami taste] &HEELS
N, EERENICHEBEOSNTWVS, Y OYETIEh#
KOEMBEEDD TR NEBEICETETN TN
MRERINTBD, ZIVY I CBIIAARANCES
TIEHICHILBRER T TH D, —H THKRENS
LT, TNA I UBIIRDMABITENDRNT R
JBETHHD. 2 BEPFOEHERBNEDLZNVICTHN
MHOLTERICE D IMPEENEE L 2 NEREID,
TWE 2 VR N OBAT LRI IHILE N TR
INTVBEEOTHD., 7 EHWEHRFTIE, &
FHHRDOZ I Y I DT 95% LU B AL E R B
ETORBIRINF—PEES, hOT7 I JBKROY
SN EARICHIHIND Z ENHRINTW
5‘13)

TIE I U REDICEEICEEL, 51T
EEICBNTZEDORESNHEINTNS Z &M

5, ZIVE I VENHEERREICEEL TVWSZ L
WEAEBICEBTES. BRIV 2 VDB
WETHET 5, HFOREMREEZHERTHEN
o7z, BHEEEICEEE MITHENRINTNS,
72, TIVY I VEEST ARG RIR W R TIHE L,
Mg ZE< U, KEPEEEZTIEIE5 28D
WMESNTHBO, D E - T TRBICHL THRA 72
WEEHZDZENHRINTNS,

En ) BFEBTREORERRF

1983 24— A b5 1) 7 ® Warren & Marshall
N FENSEDOUEHOEEITHRY)® LU TLESE,
2 DEFFEHE TR R, ZOBEOBRRICE DB A,
B T EBEE B0A, B MALT U 2N
EDBEEBNRIET D 2 &, TOHBIRERIENA
HATHAHZERENHSNERS . 192 2o D
U B DFE RN R REFEREMIA 1T B % —H D ZEHE T,
Warren, Marshall 2% / — )V [E 4 B2 E % 2005
FIZZE L2 &3 — B2 B T2 ZOMEDE
T EYRES TWD, ZOBRICBWT, AARA
FHICLDEMEL T, 1996 F£IiZFIL5I1TkD,
ZFFAXIOFICE O HERESE, b &K
DOEMEHR EE3 5 AR, HiEE, BLkE
(%6 n H#R) MNHEBEIND T &, 22 1998 1T
ENSIZED, EOURERAS X2 % EMH
(62i) FIETRHZELICLDHENANFEET S
EWhEIN, a3y RORAIZEZT Z & HREEHA
TN T TR,

'O EIE Vac A % Cag PAI, WL 7 —tHk
DT EZTRE, MARBREREEZHWT DI ENH
HINTBY, BRBEDREFEICHESEGT
5.2 Vac A ® Cag PALIZ, ERBEHEIN TV
Ze oM SERA s & OfilaFHE I A, B b
FRIIENICBT 25 287 ) > EAEHIENC & 25
HHEREL E WO L WiREEEEN B SN TN
%, 202520 —f LY —YHEDY CEZTICK

AR SR K R BB SRl 2 R IR
SEBhEL. mMEAE TN, WG,
1995 4 3 H RUHR 3R K2R P Ll
HRERE Y. [F4FE 4 A X 0 BRI K
FI S HEB T, 2004 £ 4 B X
D FRFZEYEE B E)F. 2007 £
4 A X0 ERE. T —< @ EBHER
HEWLEGEORE SIBBICRT 50
%*



No. 12

1713

% ERIEIR A OFIEICEI L TR < S HFFEN D
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ENVEBFEBERECHTIVILG I D BRORE
ERD#F

DODNOHIULE G EEE B NT, 77 —X b
NUY ThHH#EERMEOEEEICEEL, RGMI
Mgz RAWT, EOUREICKDEELEAINSHR (28
ffbBRDLT BT E) ITHT PO A
MOBETEEDIAER, TINYI DRIV I U
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RO L7z 972bb, MlNICA, EFELE
TORZTETIVY I DRIV I D REKRTT
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Fig. 1. A) Effect of Glutamate (Glu) and Glutamine (Gln)
on Gastric Epithelial Cell Death Induced by NH,Cl
n=4, ¥p<0.05 vs. Control, *p<C0.05 vs. NH,CI 30 mm (modified from
Ref. 41).
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Fig. 1. B) Effect of Glutamate (Glu) and Glutamine (Gln)
on Gastric Mucosal Damages Induced by Helicobacter pylori
(HP)

n=4 in No-HP groups, n=6 in HP groups, *p<0.05 vs. HP Control.
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H, AARRE) ZBI270N5 I (5 Rk
Bl T & % Monosodium glutamate; MSG & L C)
a3 R OO HE & ol U TEEE 22 W (http://
www.sriconsulting.com/CEH /Public/Reports/543.
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S UBOHFEBEICKDSFSITW S alHEtEAvURE
IN, S, BEFERAERETHEEEEZHSMNIIN
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A2RAY IR EDNSAID IZ, 7oA+
Fr—1t (COX) ZMHET S I LITXD RAEHA
BB T02y TS50 (PG) EAZMR L
PREERZRIETZ. 99 L LANS, PGIIH
EEIZBVWTIIRENIZH N TNWS Z ENHM SN T
BU, HEERREOE M OMEFICBWTIERICE
TRhREZH-S>TWS, 207D, NSAID IZHi%
JETER 2R L TERR TSN TWS A, —4T
BIERE L CTHERWMLEGEZFEIT .99 2
N5 NSAID IZ K5 LEGFIXIINETHERERL
MOMNFEEHSEN, TEHEEICHT 52 8EIH XD
BRINTIRMholk LhL, BETEATRIV
WHRED D WIEY TILNL— > NEEO /I &
D, WKRKIZBWTHRRZASGNTERLL I
NSAID 2 &> TEBEEIT/NBGRENFEAET H &
MHASNIZR>TWS, 51T, NNEIZBIT 5
NSAID OEEFEHAEIXE 0BG & ik L TS
K<, LDEARTERZIND ZENHRINTN
% SO NSAID #F# /NG HEFEOKRKE & L T,
NSAID # 5% O COX HEERICHE D PG KT
BIER & U 72/NGEB O TTHE, 5V M N N O
KN N DR, 2 BN St N 2
lipopolysaccharide (LPS) HI#iZ & 2 4FHERDEH
PHER—R{LEHR (NO) HHkEEE (NOS) %4
L7ZNO EARICERT HIEHBFEMICK S HER
ENFFTE5NTND. W Lo T, NEHEEDRE
A - T EREE SRR D B E L T
W, FD7=%, NSAID FHilE/NEEEITH L T
12, PEREE L TE<HAVwWsNH XY I H2%
BREEPIECT O N DR THERER EDOH IR
DEBNNFRHDRERIBVFAOHREINTS
0,553 Z N5 QEGITENEZ RTYE OHRD
ROENTND.

NSAID FE/NWBEEICHTEVILY I D BORKR
EERAOKRE

2007 FEITATONTHEHTBWT, DAET COX
FEFERP NSAID O —ZERIEE LT INTW
HEAIOFY SO >F NI A (OFY T O
TI)M8I%THDHIEMS, Tv MMIBWT,
OFy 707z i/ NGEGHEDFREITHT 7))
&I VBANMERREOREZFN/-. oFy 707
x> (10-100 mg/kg) %5 24 K211, 2% - [
5 #A n VF TT H L DR G Y B K I A
2.0 ZOHBEOFKAEIIKHL, 1-5% 7))V 3 2k
RNBOERZOFY 707« U # 512X % iNOS
mRNA JEH > MPO {E O K Z2HBEITHH L,
OFY 707 x it/ NGEE DT84 2 2 I ]
952 EMm5 (Table 1), Z)IVE I DBIHKMEDE
BIINGHEEOFEITHT HRENRERT I EMN
RBINTNS, ®

NSAID #Fk/NGEHEOFAEKFICEAL T, N
HE PG OFEAEK TNITER L 2 KIBREEREDT T L
Path i 2 32 &9 2 B NI B ORI R 2 i &
ThHHEEZLNTVNS. 29 1%V I BIT
/NGRS N O i N A B R & BRI L 72 & &
5, 1% 705 I VEBRENEERICZE 0+ 70O
7 UHENBGEDORAEMEINIRL, I NSHBN
B ORI 2 MK 5 Z SICRRL Thwa &
HeRIND, BNME &N RIICHET 20
WS E TH D720, NGRS N Y
7 —HEREDMEFFIC Lo TIERWICHE L 25, MiK/E
V3 BRI D B S BRI A D D bR, ke
FTeRzEE-> TnD, EFHEHRRICBNTI
RS S W DS B NS R B L Tl g 5 2 &

Table 1. Effect of Glutamate on Loxoprofen-induced Small
Intestinal Ulceration in Rats

Group Small intestinal lesions

(mm?)
Standard diet 271.6+42.6
0.1% Glutamate 195.0+62.1
0.5% Glutamate 144.5+27.8
1% Glutamate 111.4+23.4*
5% Glutamate 41.8+13.2*

Animals were given loxoprofen (60 mg/kg) p.o. and killed 24 h later.
Glutamate was mixed into the standard diet in amounts of 0.1-5% (w/w)
and given for 5 days before the administration of loxoprofen. Data are
presented as the mean=+S.E. from 5-10 rats. *Significant difference from
standard diet, at p<0.05.
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T, FEENEAOME DR AN S bz fRE L
T3, O 7% 3 BT+ BRI i & R
SH, TEBREREDRER D MG SN
TWa, 5M1% 7 )04 2 EBERNEDOEEITEH
TN WO KZIE, OFY 707202
KM DOWPaEESIEL I NG, TIVY
S VRRT/NIBRSR i YR S E S T & THIEE N
U7 —tReZzamk L, BNHEREZE <2 &ET/h
BEEOREZMEIL TNWDEEZILNS. Ihb
RO ERD TH D LF 3, LM EELE
T2 WA LT > S B DB E @A % FF B M
BRICHE B LIIREE CHRIET DS GBI A F 1258
IND. LAFATH INTIZEHL T Muc &I
XN, BT Muc2 2%, HIZHB W TIE MucSAC 73
FITHWI N5, EE, A2 RAY S VFERNGE
EZIZB W T Mucl & Muc2 mRNA FEHNE AT
HZERWRLTHD, Y OFy 707 > 0HkG
% [ Bk IC Muc2 mRNA FBH 28 5 n b 8%
ZEMNHHL TWS, 1% 7)Y I BEIoFy S
07 1212 &% Muc2 mRNA BB O T ZEE L
Rl EMS, TIIE I UERIC K DR DRI
1< Muc2 mRNA BH O KIZL D LF 2 EKDIT
ENEE L TWbEEZENS.

TJIVA I BI3ZoFY Jo7 iz kb INOS
mRNA FEE > MPO IGO0 K ZME L, NG
EORAEEZWNHIT LI ENHSMNERS>THD, Z
D5 EF A MEHIZ) F13 Muc2 mRNA O FEH 2 K
IHBRE, NEHR W ZETTESE2 2 EITE-
T/NIGHRERETE DN 7 — i RE % &8, NSAID 3 i
INBEEREDERD 1 DEEZ SN TS ENM
W OKIRNEZE 2R T 52 Eick s EHfERIND
(Fig. 2).

NG EEMEIZ IS BENMEE RO E LT, &
FEO YT B 72 E DB ERFICHA TN THO,
BHHWNICGRE IR HEEETOBLEN D D, 00602 20
OGO EEMEIEE ORI F—2LELEL
TW5 O PFNTOIZRIINF—FEEITBNTT IV
&I UBIIREBREEHS THO, BillgiceDy
ZENZTINY I VBT ar N7 VY IVEEITACH
SNTCAYA I NENLEIRINF—EEICTS
LTwns, 6

Egy))

ORI RD T EL, ARG LR

8\ Glutamate
mucus secretion L 2 -
Mauc2 expression ’ ' u

@ foods
W Bileadd

XXM enterobacteria

Enterobacterium invasion

Inflammatory cell infiltration
iNOS/NO
Radical oxygen
Peroxynitrite

Fig. 2. Factors Involved in the Development of NSAID-in-
duced Small Intestinal Damage, and the Influences of Die-
tary Glutamate on the Ulcerogenic Processes

NSAIDs cause functional changes such as an increase in intestinal motil-
ity and a decrease in mucus secretion, followed by enterobacterial invasion in
the mucosa. Endotoxin released from enterobacteria upregulates iNOS ex-
pression and NO production as well as inflammation, and by so doing
damages the small intestine. Glutamate, by increasing mucus secretion
through the upregulation of Muc2 expression, hampers the mucosal invasion
of enterobacteria and suppresses the upregulation of iNOS expression as well
as neutrophil migration, eventually preventing the damage in the small intes-
tine.

BN TEIEFBOEEERNMETL TETNEHD
D, EMEICBVWTIIEMERERT, BHEE% -
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¥7z, NSAID iZ&E bt IcB N THEML T
212 LB ETR B IE IR AR R B /R EDIBEICB W TR
IR GIND 2 ENEL<, BED Quality of
Life (QOL) IZHEMETHHEATHS7D, A
OHIENELWI ENZWN, Z0L0EENR
NSAID ORHIC KD, HLEITHBIT ZBEEF DR
IZRTH2EELEZ SN,
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WCHEZBZARNL AL, DLA, BLWLLENR
TQOL Z2HETHIENARETHDEEZLN
%, IV X UERRINERBTUT X 2 F 5k R,
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LR 2.
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