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Abstract

Peptic ulcer disease includes gastric ulcer (GU) and duodenal ulcer. GU generally refers to ulcer
lesions in the gastric mucosa. The main factors that cause GU are Helicobacter pylori and nonste-
roidal anti-inflammatory drugs (NSAIDs). Probiotics have been studied for many years with the
effects on gastrointestinal health. Therefore, we first screened complex probiotics for the effects
on reducing the NSAIDs-induced GU. 8-week-old ICR male mice were divided into a normal control
group, a negative control group, a positive control group (10 mg/kg Omeprazole), and 8 groups of
complex lactic acid bacteria (20.4 mg/kg/day). Except for the normal control group, mice were fed
with probiotics or saline for 29 days, then 10 consecutive days with addition of 500 mg/bw/day
Aspirin to induce GU. On the 40th day, mice were sacrificed for GU analysis. In the analysis of GU
area, ulcer index, ulcer curative ratio, and pathological score, the combination of Lactobacillus plan-
tarum GKD7 and Pediococcus acidilactici GKA4 was the most significant improvement. Therefore,
complex strains GKD7/GKA4 would be further separated as a single strain for the mechanism
studying on gastric protection.
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1. 5|8

H AL A% 35t 97 5 9 (peptic ulcer disease, PUD)J2& B #B 8l 45 Jifg J= &1 &b 5% 453 17 IR 52 5 1 46 i 2k =
(muscularis mucosae), FEHEBREFLE W SR, HRESIE IR ERERAE. OHEN. B
FRIE GRS [1]. G RESH ™, IR AT ReA I B 18 A e IE & B T e L, E 25t
TZHIA[2] [3]. WFRFEH4ER PUD BATHRLN 5%~10% [4]. HETER T B4l 12 EEH % (Helicobacter
pylori) B SEUE AL K& A2 A1, IR B =] T AR (Aspirin) B2 ZRACL T S [ B 259 4% 1197 24 (nonsteroidal
anti-inflammatory drugs, NSAIDs) 738 v 46 P ivez 599 i R AR [5] [6].

Bl = TAR 3 L) NSAIDs 2 —, EAPUl/MMRELMER, T ZH T O i85 m iy, K59
S FHRT R UTAR A R 2, JE AR . A S B E A R R BUR AR B S, 29l TIRIKRE
I CVE7] [8] [9] [10]0 Bl m VLAKHA i 1EImEE R, HAL ) 32 25588 t # H SE AL B (cyclooxygenase,
COX)IAERT, DA EE 2 b Prii AR50 o 1 il w] VT Ak 2 3] B 25 1T 41 2 (prostaglandin, PG) &
B ISR RRREUR IR, A ETFIRER E1 (PGEL)EA 1] 5 1. 70 b S48 5 B R/ Rkt h DA, Bl
R =] UL bR 3= 2435 1 PGE1 S8 15 #8i5t %71 (gastric ulcer, GU) [11] [12] [13],

a1 A2 B (probiotics) iZ T8 XM AR A &5 B B, WL FL R B (Lactobacillus  spp.) B% L FE 8 1K
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(Bifidobacterium spp.), N A% & F BRI (Pediococcus spp.)~ 5 fFTF B (Bacillus spp.), LA K 8 BRI
(Streptococcus spp.) 5. HREKAT ANEIGEY, ZLEAMWR. TAERMRE. AR 2R S
Wi BERIER, WIS B R K BuEE, BT IE WA e 3 AR BRI S (14] [15] [16]. X2
TE R AP D) 32 WA AR (strain) PR AS [5) T A7 AN 3] R SR 55 R0OR [ 1710 3 255258 % | ANE 13 FYIRIE 7 88
HAORR L 25 A BERR I A R, AR SEIRRE IR — 20 DA B T 1 7 S5 0 10k L ek 4 Bl W] DT AR5 B It AR

HOWE AT b, LU 22 2R B O WLRE T R S .
2. MN57E
2.1. mEBEKESHE

WP BRIRS 16S rRNA g 45 KA 1, Pra kB i bk B A BUS & 7290 5 T B AV BHRIRAF K

fift 7% Ly (Bioresource Collection and Research Center, BCRC, Taiwan).

KSR T 1 L Z MRS Bi 9735 (Difco, BD, USA)HT, £ 16 /NI 37°CHEFRJG, BA 25 CHef 5000
rpm (Centrifuge 5804 R, Eppendorf, Germary), &0 10 75U YE, FRA 20%Wi IR T 5 ¥R T 15X
EE R, RIFT-20C&H. &R ESREAES, DLEER 1:1 IR AH S 1).

Table 1. Probiotics sources and grouping

#1. mEERESESHESE

HEwk4l

mixture WAk Strain AE4T No. 43 KIE Source
JEFNTH GKIOY (Lactobacillus brevis GKIOY) BCRC 910920 TR
GKJOY/GKB2 4 .
W U XU B GKB2 (Bifidobacterium bifidum GKB2) BCRC 910986 ) A
SZENEFLAFE GKLR (Lactobacillus rhamnosus GKLR) BCRC 910828 GBI B
GKLR/GKC1 ‘ X
THEFLFF B GKC1 (Lactobacillus casei GKC1) BCRC 910825 SRy Eli B3/l
KXUE M H GKL7 (Bifidobacterium longum GKL7) BCRC 910988 AN F
GKL7/GKA7 4 ‘ .
WERR ALFF T GKAT (Lactobacillus acidophilus GKAT) BCRC 910985 B )3
2R FUIT B GKI2 (Lactobacillus johnsonii GKJ2) BCRC 910999 B L B
GKI2/GKY7 . I
RZEREFLIT B GKY7 (Lactobacillus plantarum GKY7) BCRC 910918 LSl
TEY)FLF % GKD7 (Lactobacillus plantarum GKDT) BCRC 910877 B
GKD7/GKA4 21 B ‘
FLIR FER T GKA4 (Pediococcus acidilactici GKA4) BCRC 910876 T2 AL
EYFLATH GKM3 (Lactobacillus plantarum GKM3) BCRC 910787 I3
GKM3/GKK1 4 )
HYIFLITH GKKI1 (Lactobacillus plantarum GKK1) BCRC 910919 % AL
KEEANE GKF3 (Lactobacillus fermentum GKF3) BCRC 910824 & SE
GKF3/GKR1 4 I
TR IRFAFE GKRI1 (Lactobacillus reuteriGKR1) BCRC 910827 Yl
FLAUSAT# GKK2 (Lactobacillus lactis GKK2) BCRC 910826 W)
GKK2/GKP4 4 . n
T Fr R GKP4 (Pediococcus pentosaceus GKP4) BCRC 910879 BRI

2.2. B

8 JAWS ICR HEME /NI [ 78 IR RHE Y RHS 22 5] (BioLASCO Taiwan Co. Ltd., Taiwan), 5 H{AE )

25 NE. SIIATRAE GLP ZHiRK %,

IR EER] 23°C £2°C, B 55% + 5%, GRS BEs
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& 12 /hE, TERL S BFE KA /N E IR . AR 2 IR E N B2 B IS AR I 5T Bt (Agriculture
Technology Research Institute, ATRI)Z 5256504 B4 & {4 FH 25 {2 2> (Institutional Animal Care and Use Com-
mittee, IACUC) & £ [/, H(fF IACUC 515 109048,

2.3, R

INRGE—FEN G, BENL N 11 4, B4 6 Ko 2 5N IE & $% 6] 41 (normal control, N). % &2
(negative control, NC). 1EX} f&2H (positive control, PC). LA & 8 HE &t WA . B & mE A L 20.4 mg/kg
b.w./day HEZ: 39 REMRES AR, PC AR HLL 20 mg/kg B 32 H7 1 (Omeprazole), N 215 NC 2145 H
WK Z . B N d14h, &4 T55 29 REME 500 mg/kg b.w./day Aspirin #4: 10 KiFK H i,
F56 40 K LLWLPIE ST 50 mg/mL f4F 2% 50 (Zoletil 50, Cat. No. STK3, Virbac Laboratories, France)4#i44: & i,
J&, AT &S A SR T .

24. BinmizE i

HYCH IR BT /N BB A I T F HRC % o R Imaged AR B SR LAz A B, TN R B AL
BE A, BEGEANT 1 mm® AT 9501 (level 1), BEGHBNT 1~3 mm® 4T 55 2 (level 2),
Bz m A kT 3 mm® 4T3 3 (level 3). B2 LB B5IEH(Uleer index, UI) (1) 5iHE%R
(Curative ratio, %) (2) 2.

(Ixlevel I£it)+(2x level A ) + (3% level I AT )

Wz a4 Ulcer index (UI) = — LAl 1
o (o PN
. . . UL i 2H < 100
VAR Curative ratio(%) = 2
R ) = Uixrea @

2.5. IREIHT

I M 10% 48 7R B PRI T E /N BB AL 2R, 4 B IR s LA ) 07 B v FEON B G N, 2K
R N AL SR D R A S A AR, DU IS 2 4] A HL(Leica RM 2145, Nussloch Germany) Vi 4 m
JEREH LY, LA Hematoxylin & Eosin (H&E)Jutt, Tt Wi N M5 41 B 224

DAREMSE 7 ROAEARMRE SRR b R A 3 TVFAS Fa bm AT B 0 b o 8™ LS () K E = S R
Shackelford 25 A (2002). Chiu 25 A\ (2014). Hardbower £ A (2017), LLK Park ¢ A\(2018)fT KR Z k¥
EFRAE I 18] [19] [20] [21]. VE4HAUGRUNT

2.5.1. FEEHR7

FoR Aspirin i % B B R 40R A IR AT T B0 AL 0 TR L S 0 O IE R AT R A B
S 1 NBEFERAERIRZERILLN 173 VLN SR 2 AB R A RIREZRERELAN 1/2; %
W3 NBEIERARRZERIRZTHLN 2/3: SR AREK B EE 34200 B &N E k3 3/3,

2.5.2. RAELAERE

F7~ Aspirin 1 28 SE A AR T B ALV X B R . SR 2 0 ARERTCRIEM MR S 1 AR
MR A RE AN IRIR I 52 2 NE R R AIEA MR 252 3 NEE o XSk HL i 4 v b S5 R &
SEAMIZE; F 4 AR ™ R AE MR o

253 FEFRBE
FoRn Aspirin & B BT E G2 HAGAEE . % 0 N HIA S B EA, S5 B TR
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WARRRE: S50 2 NEMARRE: S5 3 NPAEREE: S50 4 N ERE.
2.6. Geit st

SI6 45 B DL 2 (B (mean) = “T-2J AR % 1% Z (standard error of the mean, SEM)3 7, f# A Graphpad
Prism 6 G511 #1844, #E4T one-way/two-way analysis of variance Zii1 43 #T. PA*p <0.05 RoOREEZEE R,

3. &R

K1 OB e, BN BB IR AR, A5 R EOR B AR R AR T B ZE R (p > 0.05). LRIR Y]
MR BE BRI N RAREAL, PARA LGRS RAE.

50 ——Normal (N)
-=-Aspirin (NC)
o 45 -+—Omeprazole (PC)
- -=GKJOY/GKB2
in 40 -=GKLR/GKC1
“;’ ~-GKL7/GKA7
> 35 GKJ2/GKY7
3 —GKD7/GKA4
@ 30 <« GKM3/GKK1
~GKF3/GKR1
25 -=GKK2/GKP4

DO D7 D14 D21 D28 D35 D40

Figure 1. Change of the mice body weight during the experiment
L RIGHAE/NRARE T
3.1. NERBER SRR
] 2(a) &2/ BB SR AR 25 R EoR, NC HRBH RN 26.01 +2.98 mm® 2.3 & T N 4,
HitE 697 Bz i 24 R ERMPC )5, BUmHAREN 7.12 £ 2.15 mm®, #8IL B B shm
KA RSN, WHRBT IR AR IR K 2 & Ao T B IR R

35 - 10 -
&30 = 9 1
Ezs 2 8
é 5 7 A
® 20 S 6
- [ = 5
© 15 -
g 10 o 3
S s =
1
0 0
N QOO DDA N XD X
& & P &7 3% A QA7 AV A AV aN7 N AN
$o\ "Q\ Oﬁ@ Q\(\ ,\/0 o‘\ & \g/(\ p Q/\ @0) \é(’b &\/
VLo o ¢ 06
o (b)

Figure 2. Ulcer area (a) and ulcer index (b) in Aspirin-induced gastric ulcer mice. Data was expressed as mean + SEM. Sig-
nificant differences when compared with the Aspirin group (NC) were marked as *p < 0.05, **p <0.01, and ***p < 0.001

& 2. MR BIRZEIN()SRHEH(b). HIEL mean £ SEM 23, 5 Aspirin HNCOLLRAEZEEFERR <
0.05. **p<0.01. ***p<0.001
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B R ER, 8 NI &M EHANTE IR Aspirin 75 B #05 T & 2 A WL B 550 AR
IR /NRE Aspirin & B #5107 TH U D #8418 GKLR/GKC1 4. GKL7/GKA7 4. GKJ2/GKY7
ZHF GKD7/GKA4 H( 2(a)). 2T, LABUE AN H B ima 8 (UDJE, LA AW GKI2/GKYT7 4
A GKD7/GKA4 411 B ez Fe B AR, kN GKM3/GKKI 41 2(b)). # PC 410 B o da 5 7l 52k
RPN E A HEA(GKI2/GKY 7. GKD7/GKA4) L 5 I %A KR E 2 R (p > 0.05).

LR ERKE, HEH GKD7/GKA4 A G mt, ik 60%Lh EipyadE, H28T PC AK
53%, XK N GKM3/GKK1. GKIOY/GKB2. LK GKI2/GKY7, 45 H:E 40%H1E fR (] 3).

70 A 60.61
60 -453.25

40.69 3
31.1732.83

Cureative ratio (%)

Figure 3. Ulcer cureative ratioin gastric ulcer mice
= N= =R N A 7 74
3. MR BERmIARE

3.2. MR BERERS

ANER B EBERELY) W] 4 B, RT O NS CARTRE BB . RO BRI A AE RS SR, NC
HAMZ W B2 HE RS . KRR, PLAG™ 5 A IR A RS 15 . PC 4 ) B AT ¥ 43 5t
PG, (H M NC A2 IR R ARG 1102 & 4 B 28D R KRB IS -

BB R AR ANMIR I e R R B AR 2 R B IS e 2T 5. 55 Asprin ZH(NC)AH L,
WA 2 G Bk, L GKLR/GKC fe 2 3b B A 205 % B8 < 0.05) (K 5). BA
GKD7/GKA4 %A 5 NC Hi= LG it B RS ZER, (ARA B AL 4 1 .

4. itig

THAL R G505 1 R R 3 2 R R ) DR 7 R 1 5 et (RBER ) R -7 2R 26 P P A )« 86 T2 ) DR B -2
TR ERRER IR W MR, MEHAE . BRI, AU R G RS TR A S R R
Big. BEO. HEE. S8, B0, Wl TFFE . 202, M. i) . o, NSAIDs 54
IR FAE Tk 15 R 2 IR 7K M (hydrophobicity), 181 B RS B & HBF T 42 5 28 1% B F s i [ 11]. B
Fi45 H AT 51 R 3 (prostaglandins )Xo B & IR A 4E 4 15 12 52 5 S 240 A1 €4, 170 NSAIDs 254 1 &EIE A4 T
X IR EACER(COX) MAMMIPE A, T3l T 1 iR 28 2 AR A B EYE W RAEH, EUE FEATF IR R 1
A RS R A (2] [22].

Jiy B T 32 ik R B P B EE DR R L AL B R A AR M BE R AE, SRIAEIRYIIER . =58 A (2012)0F 5%
fia b, 2 AR TR E DR A B w] UL ObR BOK BLE RN B A0 0 4 PR — Dol ik 22 RS A R B TR
(mitogen-activated protein kinase, MAPK) ™[] p38 {55 if it b1 B Rl I i B 55 %5 3% 42 85 A Occludin (1)
ik, gEmdGsE 7 OCR B F R 5 IIRE 23] 94t B R BEAE NSAIDs 5 5 B R AL TRk B AR A
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Az &%

KEM NSAIDs M2 BUE B A, GO B AT WA ERE Mt migin, 51Em B AE; KT
ai AR B, G FLERAT B BORBAT B B — M A PR, SRS S R A RO, #E N cE A bt
R IA PR B AN IE[24]

(A) IEEMBAN); B) fxFHANC): (C) EXTHLPC); (D) GKIOY/GKB2 #41; (E) GKLR/GKC1 41; (F)
GKL7/GKA7 41; (G) GKJ2/GKY7 #41; (H) GKD7/GKA4 4; (I) GKM3/GKK1 #1; (J) GKF3/GKR1 41; (K) GKK2/GKP4
Ho BORMEER 100 5. (BEES: F T EAXE; Bafik. SOEMRIRE; 2625 MREMHERIEXIR).
Figure 4. H&E staining in mice stomach

4. IR BHLE HEE 6

Pathological score
N
% %k %k

Figure 5. Pathological scoring in mice stomach. Data was expressed as mean + SEM. Significant differences when com-
pared with the Aspirin group (NC) were marked as *p < 0.05, **p < 0.01, and ***p < 0.001
5. NRBIMREITS . BB mean + SEM 2, 5 Aspirin ANNCLLE R B EEFHFRR*p <0.05, **p <0.01,
k3kk

p <0.001
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FEAR ARG, A WA F AR S0 B I e B2 e, B i s AR (] 2) A
(K 4), Ja 225X MR Lactobacillus plantarum GKD7 F1 Pediococcusacidilactici GKA4 FHA— IR B &3 1)
WA, A B IR RCR AR, DL SR BB HIER B

5. &t

ARG A A TR IR, A D iR B B AR R s AR B . SEIR e BA B BRI
FERE RO EY) A H e B A BN 4 5T Asprin i S T HI/NRZ B SRS 8OR 45 R 2 4 % GKI2/GKY7
A GKD7/GKA4 352k BBy 1a3: LUARRITE, XL GKD7/GKA4 418 2 R iRt . R Eiror b,
WP &5 GKLR/GKC1 B i, JLIOVE & GKD7/GKA4. LW ERSLISEE R, AfiiE =
4 GKD7/GKA4 H . JG24 53 5 LA Lactobacillus plantarum GKD7 Fl Pediococcus acidilactici GKA4
BEAT R T B BRI AR A T

SE
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