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Intestinal Cell Proliferation and Microflora
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E B BLEHBEMBoOME - b, EILERIVE VS EOWTER T AR OB E IR T2 LI K0 I
HaEnTwnd, IBENOBIERT-L LT, R7F ¥ & OREE AWM 2 BRI 25 ), i35
Bk ERETEE DTS- LT\ . FEERIC & 0 A U 78RR, 45 SRR IS R RIRA O K FIECTH D, i T &
LCTOHERHT 5. —F, BRRICIIVIGEER? S ), BEREOBEICOMEE T4, Ihold, 7% A M7 Uik (DSS)
TR L 72 B E R RE T VICB VTR SN TS, 612, BEEREAR CTd % Clostridium butyricum M588
G2 X o T DSS KB40 RIEMBEPFEL S N7z, —T5, BHFRED SIEH & N7z Germinated barley foodstuff
(GBF) &, HEWARBRET N2 LK 5B EL b L ACERILH S, EN-BRBGED SmE M L
TRITEN TS, T72, L7 F 2 B & MO BRI EH 258 5 75, T 3 INMEE ISR E KIT§
2B, BOUOUHBHBEANOBEENZMERE SNTnd, IR OMEN T IBELSOBEICLFGFT L0 LE
Y (V-

Abstract Dietary fiber is well known to affect intestinal cell proliferation. Both high fermentation ratio and high
viscosity are essential for this proliferative action. In our study, two possible mechanisms are suggested which may be
responsible for the proliferative actions induced by pectin supplementation. One is a humoral factor, glucagon-like peptide
2, and the other is an effect of short chain fatty acids. Especially, butyrate, one of the short chain fatty acids, is produced
in the cecum and colon by bacterial fermentation. Butyrate has anti-inflammatory effects as well as significant proliferative
effects in the intestine, and a butyrate enema or oral administration of Clostridium butyricum M588, which produces
butyrate in the cecum and colon, have significant therapeutic benefits on DSS colitis. Germinated barley foodstuff (GBF)
is made from brewer’s spent grain, and contains glutamine rich protein and hemicellulose. It has already been shown in
animal models and chinical trials that GBF is effective for attenuating or maintaining ulcerative colitis, and GBF has
been approred for chinieal use. Its therapeutic effects are associated with an increased fecal butyrate level. Furthermore,
lectins also have proliferative effects on the intestine. In our present study, lectins were shown to attenuate some intestinal
injury models, and may be beneficial as a treatment of inflammatory bowel disease.
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Ki-67 Immuno-positive Cells Count of the intestinal segment (/ crypt)

Mean=+SD
Jejunum Ileum Caecum Colon n=5
* p<0.05
Control group 6.0 = 3.5 44 1.1 54 = 1.6 6.0 = 2.2
Pectin-fed group 8.2 =44 75+ 15* 85+ 13* 121 +£12%*

Fig. 2. 7 F YIRS A 325 O 8 R ERE 12 M 3§

2. BYMEM C BERREE

IR BRI, 7V 3 — AR BRI I L2 B G
WCIERAT A2 EDHIONTWAD (5), —HTITHHE
LR E BB E RSB 1), AT HBEPIMIE IS L Y 38
fEZ 9 T3 Wl AR ICEIE I X (9). F 7z,
HMEDREPIRE 12 b B S, RGBS o | v Wil 12 L3
FEPERIE RV E SNTWwWh (8).

P4 DIKEMEEWHMED <~ 7 F > % FI TR K
IFTIRE LG LTI, 25% X7 F U2 &t
SRERIEE 7 v TR, EWEIHEE & VBRI
LT, TE/NEG B, #EoRER, &EHEE8N
L, Mo < d 5 K67 B rEia g (/) b
HEZEINL: (Fig. 1, Fig. 2) (4). WHibEFRLVE >~
DEREZ AT LR, MigEhoysar7vharL
Glucagon like peptide L &7 F- > o512 T L
oo vy, BEIEEER 2 AT A ILE SV E S
ThY (6, 16), EWHMAEDOEEMIIETEIZ Z 5 O
LERIVE Y DOBEGIRBENS. SHIZ, X7 F Ui
A2 X0, ENoMEEIRLERE IAEZEICHENLTBY,
I kEBETE N T LM EOEM B BS5-LTwWab b
neEzHN5L (Fig. 3-1) (4). LarLuds, HEW
DHIHHE TR & 2 EENIFRO 5T, IR &

H: 4 % Eubacterium X Bifidobacteroidaceae (3, X 7
FUoEGICE o TOEIL L o7 (Fig. 3-2) (4).

N7 F N, TDITE A EDPIEREE ST D EYHE L
ENTBY, FFAELENT &6, RhEs e
MRS EAEE Z 2 55,

3. FESHAERAER & RIEMSTR

1) BRERFIGAE L CERBRMEAER & RIEBE

FLSHBR IR |2 XL ORI E I SRR b D
A, FRFICHIEMRHA A LT b, EREEOILRIER T
WEERIRIVIC O R SN, BN 98 T RRERIEN
bBI b Twb (15,18,19). LA Lah 5, HEE
IIEEEDSH Y, e L TG T 59 2 T E %
> TW5b,

Falx, 7FADMT UHEEE (LT DSS) 12X ) ERK
L72F v MEBEMRERE TV B CREEREN O R H
RIERR L 72 2A, HEREEBEER MR THZ L
ATE7 (Fig.4-1). 22 CTOEDDE, BIRIEER TH
% Clostridium butyricum M588 3 [ 545 N IR 5- D %h
R Lo, Z2OR, piGHETIE, BEERER &M
R, BHZE 2 AERRRAN R S 7z (Fig. 4-2) (14).
Clostridium butyricum M588 ¥ 5- BT, B O
REMG BRI EEAS B L, 28 i 23 © @ PCNA B Al e
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Microbial flora population of the caecum

Control group Pectin-fed group
Enterobacteriaceae 5.06+0.53  [5/5] 7.30+£0.88  [5/5]*
Bacillus 2.80 [1/5] 4.45+2.43 [4/5)* MesaniSD B
n=

Lactobacillus 9.18+0.61  [5/5] 8.95+0.70  [5/5] D ot detected
Bifidobacterium N.D. [0/5] N.D. [0/5]

Eubacterium 9.56+0.36  [5/5] 9.05+£0.30 [5/5]

Bacterioidaceae 8.50+0.51 [5/5] 9.11+0.57  [5/5])

C. difficile N.D. [0/5]) N.D. [0/5]

Clostridium others 9.10+£0.41 [5/5]) 8.70£1.29 [5/5])

Fig. 3-2. X7 F XM F I O G WMl AR A 2 T3 2

500 p< 0.05 —_ p< 0. 05
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Bl ey, 2k, BLICEEEETM LB 1LTE Y (Fig. 52), Clostridium butyricum M588 (% 2
FEIEER & % 2 b7z (Fig. 5-1). F£72, DSS KK NOBNMEFEOZIEICH S LzboLEZ bz (14).
4T, Bacterioidaceae % Enterobacteriaceae ® ¥ &

A3HEHn L, Lactobacillus D HE 25T 5 Ll Eh 2) Germinated barley foodstuff (GBF)
TWw5 72 (13), Clostridium butyricum M588 4% 5- 1% GBFIZ, ZF o704 0 r@ibdiFEnr o i 5 iEEN

Lactobacillus % Eubacterium 7z & O H BRSO 5 KIGRETOREREHTH Y, T TR SN TV 5,
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Fig. 4-2. Clostridium butyricum M588#E[14%5:-12 X 5 DSSAKWG47 v b DGR

Cecum Colon
Control CBMS588 Control CBM588
Lactobacillus 9.0+0.2 [6/6] 9.6+0.1 [6/6]* 9.4+0.2 [6/6] 9.8+0.1 [6/6]
Bifidobacterium ~ N.D.  [0/6] 9.1 [1/6] N.D. [0/6] 9.4+0.3 [5/6]
Eubacterium 9.1%0.2 [6/6] 9.8%0.1 [6/6]** 9.6=*0.1 [6/6] 10.0=0.1[6/6]*

Bacteroidaceae 9.7+0.2 [6/6] 10.20.2[6/6] 9.2+0.5[6/6] 8.0+0.7 [6/6]

C. butyricum M588 N.D.  [0/6] 6.5+0.3 [6/6] N.D. [0/6] 6.5%0.1 [6/6]

Clostridium-others 7.2+1.0 [6/6] 8.5+0.7 [6/6]  7.940.5 [6/6] 7.6+0.9 [6/6]

Peptococcaceae 6.8 [2/6] 9.2£0.1 [3/6] 7.9+1.2 [3/6] 8.9+0.3 [3/6]

data (mean==SEM) expressed by logarythm of colony forming unit(CFU)/g
[ ]: number of bacteria-positive rats / number of tested rats
N.D.: not detected , * p<0.05, ** p<0.01

Fig. 5-1. Clostridium butyricum M588 %% DSS K267 v b O PIMIE # 12 K 133 522

Cecum Colon
Control CBMS588 Control CBMS588
Acetic acid 21.3%2.6 [6/6] 29.7+1.1 [6/6]** 28.6+=5.4 [6/6] 32.0==7.0 [6/6]

Propionic acid  63+0.7 [6/6] 8.60.4 [6/6]* 14.1%3.4[6/6] 10.1%1.8 [6/6]

N-butyric acid  2.3+0.4 [5/6] 3.8+0.6 [6/6]* 4.1%+12 [6/6] 5410 [6/6]

Iso-butyric acid N.p, [0/6] N.D. [0/6] N.D. [0/6] 1.1 [2/6]

N-valeric acid ~ 1,7+0.04 [5/6] 1.8+0.1 [6/6] 3.2%0.6 [3/6] N.D. [0/6]

Iso-valeric acid  1,1+0.1 [5/6] 1.0%£0.1 [6/6] 1.9+0.5 [5/6] 1.4£0.2 [4/6]

Iso-caproic acid 1.3+0.03 [3/6] 1.3%0.01 [4/6] 1.5 [1/6] N.D. [0/6]

Lactic acid 12.7%2.1 [3/6] 11.8%£1.7 [5/6]  20.9=+0.5 [4/6] 25.9+1.9 [3/6]*

data (mean®SEM )are expressed by mol/g
[ ]: number of acid-positive rats / number of tested rats
N.D.: not detectable, *p<0.05, **p<0.01

Fig. 5-2. Clostridium butyricum M588 725 DSS AW 45T v b DA SHIRIHERIEE 12 K3 228
L= ZARANI LT =X, ) T U BRERSTTHD, DSSKWG 9512 & A #eat <k, A o 5 s AR Th R I B

BRI X A #E) T3 Bifidobacterium % Eubacterium WEIML, SUPRIEBHICEGT2b0EEZLND
WX DRI SN, R & OB HEE SN, (Fig. 6-1, Fig.6-2) (1). HBRIEWZ &2, GBF Hhk
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Damaged area Damage score
(cmz ) P<0.01 P<0.05
10 10
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Fig. 6-1. DSS K423 3 % GBF DG #A) £
SCFAs CE GBF
lactic acid 3.61 =1.93 0.49 +0.18
succinic acid 0.21 =0.07 0.07 £0.03
formic acid 0.14 =0.08 0.09 +0.06
acetic acid 9.22 =£1.35 21.75 £2.46 **
propionic acid 4.24 £1.27 4.01 £1.08
iso-butyric acid 0.31 =0.13 N.D.
n-butyric acid 1.44 £0.29 5.02 =147 *
iso-valeric acid 0.26 =0.10 0.28 +0.18
n-valeric acid 0.38 *=0.26 0.13 =0.10

Fig. 6-2. GBFA'DSS KM% 7 v b Gl SNRIIERIEIL (2 K 13§ 7 8

Enterobacteriaceae

Streptococcus

Total aerobes

CE
9.22 +0.12 (5/5)
9.70 +0.05 (5/5)
9.84 +0.05

GBF
8.68 £0.13 (5/5) p<0.05
9.26 +0.24 (5/5)

9.40 +0.17 p<0.05

Bacteroidaceae
Bifidobacterium
Eubacterium
Lactobacillus

Total anaerobes

9.40 +0.07 (5/5)
8.44 =+0.09 (5/5)
7.90 +0.21 (5/5)
9.14 +0.08 (5/5)
9.64 +0.05

8.96 +0.13 (5/5) p<0.05
8.70 £0.24 (5/5)

8.34 £0.15 (5/5)

9.20 +0.17 (5/5)

9.64 +0.11

CFU (Colony forming units) of aerobic and anaerobic microflora

Fig. 6-3. GBFA*DSS A% 7 v MMM I RT3 8
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B2, Hilko Clostridium butyricum M588 % &1
CHGT 5L, BREEEADS HICHML, FEDSH
W ENSE (Fig. 7) (2). —J, KIBEOBRFIE
ETINVTHAHLAB2ZI NG VATV 2=y 77y MIZK
LA TIE, GBFIAREEEA % A L CTHERTTH 5
NF-«BZ#fl§2 2 LWL NS T2 (10, 11).

O &) HEREIRTEORR T 5 F 2T, mEEAE %
JEBI CORRIRIRE M SN CTwb, GBF 20-30g %
AHEREG 92528128, BEPOFRRMRIEE L,
FERA 7 RNHEA I 7 SE L EHESNR TN D
(12).

I I elemental diet I I
+PHA

S .
z’m dedese

o ‘ ‘_

shERER T AR

*kek

*

21

p <0.05, ** P <0.01, ** p < 0.001
vs elemental diet group

0

L7 F 2 DN, R RE IR )

L7 72 LiGEiaEE

FWARAE & MRS, BEHEPICHEENAMMAT L LT
FEHENTVDE DIV FUhdb. ADS, BGH
BAFAET~ Y A2 E ) BE L2EETIE, Con-AX
PHAIZEWSHEL V150 IKBETH 501 %D EE
TY, WHFLAEEEEA SR TE 7 (7). £72,
L7 OBEIERIZ, ZOMEIC L > TERT 2155
DEALDET Y, Con-A /NGO HNAEHT 5 DI L,
PHAWH, /N, K& IR#EPI R EMAEER 2 2o
% (Fig. 8).
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In vitro DA% T, L 27 F > OEMEMIZEGE ) +
T =% LIAEHTH L EENTWEY (3, 20), in
vivo DR Tld, EGF & Con-ADHNER b kR S
Ty (7), HEEHOKRFIEHS 2 ThRv. AP
e BRI LE RV E A~ MG S TBY,
P4 OWFE T H Con-A% PHAD R LI 512 X b 14
GLP-IEEX EHTH I EHER SN, LI LGD
5, L7F 3, BAMEZICEEL RITT I EiEhn
EEZ LN, FHEEBEESCLES LV ELbR
5.

B T ICHIEE I B RS 2 S /NG O SRAEIS R
WCEREEZOND. RADA Y FAY Y VNIRRT
T X B KR TIE, Con-A, PHA & b 12/ ki
JHE L O TH B SEBHEA R T & 72 (Fig. 9-1,
Fig. 9-2) (21).

AT & % 71— 5 7

5. & bH W

W' OREREIEIEE R AE, BHPICE T 05 ki
RV 7Ty EORER TR Do TWAE, T
b, BEWMHEII SRS XU R & O IR & AR
L, BEERIC X ZANEEE D B G L T\ 5. FEIRIE,
HESER & & D ICHEREER S AL TB Y, HER
FIENBENRDSIFCTE 5.

SEETIRAECH AL CIIMEREME S 2L,
integrity ®{& T %* & bacterial translocation # 4= L % &
ENTWD, gL 7 F vk EoMiIR T, #
OFBIZENTH HIEN D TR, FREBEICHMD T
HFREZEZOGNS.
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