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Study on Lipid Metabolism in Rats fed a probiotic

Michihiro Fukusimma' and Masuo Nakaxo!
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b Es, BNHEE OREIC oL TEET 5
CLREETCHL LELNS, S Li-EAs s, b
IR LIz o itEmE 7o b L AT 0
— A e OBF G s h TV De Y, LanL &
A, HEROEFRF AN EE O LR
LT, 2A7 0 LOGHES L RS
FRIFTHRC OV T RS ETIEES ATk N,

ok, BEEIZ LD, B LES O S8 2
Bacillus sp., Streptococeus sp.,
Clostridium sp., Candida sp., Seccharomyees sp. 7T
fnk s ALtz AR A, TRETACAN Fd R
WTHRE L fze £ OFSR, %WWDX@A?/A%
TER R L, BT M%Eﬁﬁ LI L AT
o—AEOIEFE LR ET L 2T S
CETROTHET A,

x B H &

Lactobacilius sp.,

1) EEdE

Bl O YRR 4 Table | 12 d, &g
i, FALENPHA L 2O AR o) Bt Ak
FHE S B 3 L7, Sheplococens spaid KI Strep-
tococcal FE A (Becton  Dickingson  Co.  Lid,,
(BBL.) Cockeysville, USA), Bacillus sp.i1 PEES #
KRR ML), BERELE Potato dextrose #K
bt 4 v \“’CM’Z{%J ® 1+ 7, Lactobaciltus  sp. K
Lactobacillus Jé%-}'f”u"}'tﬂl (BBL) #HWTHEEETT
SrEE L Ao, K E L F A O E R A Nutrient
broth(BBL)Y45 12 0 DSMI broth'™ @lj fi % FHus T,
CHEHA (7 14h) & T37TC T ANRHR & 2 B L1z 8
LDk U SR, ) R TR L, BERSEZ
PR 2 oK A FHE DS SR O BT
MAMREA A A iR L, MDA 5 L0 TG, B0 —
50% T 7 [ IFFERE = 48 L LMEDTE L2107 ool
ony-forming units (cfu)/g K 2 B iZh D L 512 R%E
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Table 1. Microbial cornp05|t|on of the probiotic*

suhitilis
natto

Ram!!m
DBacillus
Bacillis

Bacillus thermophilus

wegateriiem

Lactobacillus actdophilus
Lactobacillus plantarion
Lactobacillus brevis
Lactobacillus casei
Strepfococens favcalls
Streplococeus lactis
Streptococeus Hiermoplils
Clostriclium bulyricum
Succharopmyees cerevisic

Candida utitis

*Each genus was regulated at 107 * cfu/g rice bran,
respectively

) ERRENM & L UBEY
4 B Fischer BHE7 v H(F344/ JehitBAE 2 L7
mmuWAt,fkm"f? V21 2HF R MR 4 M,
HiR23 L 1°C, WL+ 5”/0L+_-f’1'- FE, oA F
O — A IIAE 7 » 2 fERT Sz, 4 ER20%%
hwﬁtﬁl%ﬂvx%n*w&ﬁﬂ&h%-&
T AT u— TR SE Sz (Table 2),
Flkbe L ORI EEEINE Lz, 7w FOED s
4. Guide for the Care and Use of Laboratory
Animals'™ |ZHE L TiT - 22,

Table 2. Compaosition ot semi-puritied diet

High fal, migh cholesieral diey Basal diet

Component

Probiotic Contral Prubiotic  Contrel
{2/ kg clivt)

L'a'“ ein 200 200 250 250
Pa uil 200, e
Corn oil = = St ol
Vilamin neixture! 14 L0 1 10
Minera: mixture’ 35 i 30 3h
Choline bitartrate 2 24 & 2
pL-methionine i} 3 3 3
Cholesteraol 10 L
Probiotic 150 150
Rice hran 150 — 150
Sucrose Lo 1060 Lont 10u0 1000

PAIN-T70 vitamin mixturet**
“AIN-76 mineral mixture™*
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EEE, SRR v AT o — s B
BRIz (Table 2), S5 K10 T4 FEE 2 15%
L s 6 :}ﬁf’n'ﬂﬁ'f# Ltre AHEGERIEA X A7 4
152NN L fo B 4 5 2 7y
3) HBtoiRE!

Seft ks At L 240 AN O & O & TR
KU oo M IHER 28T uin T v F OFFIRS
SMHEHFINL 7o AT L i S, el
BT, ERANFEL 2,

4) {LHED

MEFOEI L AFo—, HDL 3L A7 0,
FUT A ) O — i ds kO R R R L R
FEICTHIE 34172,

Fef 5 L R O I8 i Foleh a0
Lomiiang, FiOT A7 7F 20210 2(PC)
OIENAE X Nakano & Fischer @0 12k D A F
meaf, HA 70 b Y770 —(GLOW LD 4
Eivk, BES LB O ER T - kT
FaAbtg, GLC 2 X 04 s iz, oA |-F
(2 Grundy & @ ik THIE S,

5) iR I 20V —LEFOHAR

HEERE L1 AR50, 20M 3 = BEE G 20mM
HCl(pH 7.6), 2mM MgCl,, 30mM KCHTh €0
4 A &4, 1000x g W04 Mo B s e Ll
12000 % g 154l 3@t 2 4, 2O LEE S ol
105000 = g 6043 [t Ca 438 L T, 13 60/ Bk i 4 4
¥ 0 P—AlgE Lk, & & 1 V— Ffll/)‘i.l 1mh
EDTA % & 150mM KCLFE (pll 7.2) T105000 -
@GNS E S A i,

6) BFFENNE

Hydroxymethvlglutarvl coenzyme A (HMG
CoA) reductase (NADPH) (ECL.1.1.34) i5fE L Fu-
kushima & Nakano & HESS ZHuTllE sk,

Cholesteral 7 @ hyvdroxvlase (EC 1.14.13.17) i&
it Fukushima & Nakano @ FiEST 2 FuTilllag
i (et
7) ALATFO—JL 3 wILHBEORIE

FFHEAFEAIOmMe 23mM o A7 u—o, 30mM
FHY RS, 20mM b 2 o @R S #2ml R LT,
TR & LT — R EE £ R EF R Lactobacillus
acidoplilus, Streplococcus faecalis 15 5 RIS AdL
T EGHEN Wz, ZOENOEGEERS
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B, THESERICEBRL TH% L, 20 keycles/sec T
5OTHIWER & B, 37TCTIRMR X 5 s ' 1,

REHE & & 15000 % g 307 i BE S, B
A 450nm DWENRECHE L 7z
8) BEHEEREREDRAIE

LR RS 0mg By v o a— LB )7 A0
mg %S iml O200mM D L BEREER (0 HE.0) i 8%
WLt o E LT Lactobacillus actdophilus, Strep-
tococcus faecalis 3 L RS AN T iR GHEE
Wiz, 2hz37T CTIBRfRER & 5 S47294, 12000 %
g WFFHEE OB X D RS RE L, RFESO

— AR T 2T — PR, GLC TE R
Li7ea
9) EEMHEYOBERE

Feichany B coli 35 5 0 Streptococeus i3 % 0411
Desoxycholate #E R 25 L oF KF Streptococcal
BB 2 BT, 37T°C 2 NS E i,
Lactobacillus,

Bifidobacterinem, Fubacterium,

Bacteroidaceae, Clostridinm, Veillonella, Mega-
shaera [ FHFH BS, ES, LBS, NBGT, NN, VS5,
Ak VS e R & v 737 C 5 HRE Gas pack i
R | Shoth: S<F (WA
10) MaEtanig

Py EERREETEL, R v A7 o
— i area under the curve(AUC)T# L7z, &R
DT T, Student’s U test £ & UF Duncan's
mulliple range test {2 L B, 3 WL TR s {7

HelLk

o

x B &R

BHE, FESLUFEER

7y b O GE R R, usuﬂﬁmn;
F119.6£19.2g TH D, BREIZ15.2+31g B LU
CH -tz B Wilvﬂlﬂjfﬁ}ﬁﬁfiﬂiﬁ'iﬁ
., ZIEH230.0+26.2g, 214.T-530hg ThH -1,
PR OIS ds L ORGP AN o b AR
Al G0 X - oI R A A S e e
sl - 1u1vd—wﬁwmiwrwm
IR, ERMAR ST 2170083 g/1l00 g
body weight & #fHEK D 3.35 £0.15 g,:](l(l,q hody
weight & DAEICR UGS L7z (p<0.01), Bt
7 v P T EERRE K (16241059 g/100g

16.2+1.5g 7
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body weight) & 0fH[X (1.204£0.12 g/100g body

weight) & OB AT LA EASRAh o7,
HEhDIEEBRE

VRN ¢ W L AT 1 — b RO R AR
WHWT, AR EE L AUC BEEBIZEY LT
vifz (Tabled), L Ladis, BERETHEARI L
BOBARS Nz,

Table 3R GH#T® DL B & 8 VLDL-
IDLYLDL av A7 o—LOffRE2RLE, HEiEd
BT, EEEEID HDL o 27 o Ll 4 4 5
W Ega¥i, £/, VLDL+IDL+LDL 22 7
O— A ENRREE « B L AT O — BT LU
AT, ERMARS L Db T, 1M
FD DT o F ) u— R Bk UG
BES, FLEEMARS LSRGV A
TR—VERBFTEFIE IO,

Rl 7 v A 7 o — - B A R R S L
NAECHD 2 E 7,

Table 3. Serum lipid concentrations and liver choles-
teral concentration in rats fed on a high-fat, high-
cholesterol diet or a basal diet with or without
probiotic for 6 weeks

High-fat, high

Basal die
Component cholesternl dipt asal diet

Prohintic Control Prohiotic Cantrol

Serum (mmol /L)
Total cholesteral 18074 7.2" 215.047.8° 127.0446.4° 1329468
.y
]

HDL-cholesteral LAt 3 11404 6 2110 R 1 {0
S BLAD e 0 Dmped OB Lited
Triacylelyeerol 3= 0.7 et 23005 23E(0.7
Free fatty acid 2= 09" BTE0E  NTHeE  LeX0e?
Liver (uniol /g dry ler)

Cholestera! 3 Yl T ' 3 o ST A s

The values wre meas+ 51 for 10 1ats
e ahaes inoa row with a different superscript are significantly different
(RGN

total cholesters] v il area under the curve
Triacvlglyceral was ca t molecular wi— 38540,
Free fatly actd wias caleolate JE2AT

FF i o o0 B B P LA

Table 4 i fFls PC ORRRGEEHLR 4, mHal-
VAT o AT, RERAESEKTY 2
—IVEEDNR Y, T A R CEEAEENIL Tk, A6—
TR OEE s a2 7 7 P ) s

— 28

- thEFiE

— ML A TR A G T I K & D R
LCwizh, RESHETEEEEARELST:,
g HMG-CoA reductase ;&4

Table 5 1= HMG CoA reductase §EHECx 4 54
FRLA ORI v TTa T, BeRTEE R, SlERs -
VAT U—RETEEMEAERS TS
LUEECEY L Tw, EEAHEOENIIOnT
RAE I 25 Ll s o Fs

Table 4. Fatty acid composition of the phosphatidyl-
chaline in the livers of rats fed a high-fat, high-choles-
teral diet or a basal diet, with or without probiotic, for
6 weeks

High-fat, high i ol
Fafty e cholesteral diet -

Probiotic Control  Probiotic Control

(el %)
16:0 2.5L00r 2594880 220+T.53% 20614
13:0 L0 20180 27.7=0.9°
18:1 §.94] 00 9.1:0.6* Y9.4=0.8
18 4 12,2£0.8 G2+1. 3¢ 9.5F] A
20:4 A Al Y 18430 RLTELAE 3 041

0:4718:2 2.0420.35° L3Tx0.22° 2.80=0.41° 2.56=0.37

The values are means + 51 for 10 rats,
PV alues inoa row with a different superseript are signifi-
cantly different (p<0.05),

Table 5. HMG-CoA reductase activity in the livers of
rats fed a high-fat, high-cholesterol diet or a basal
diet, with or without probiotic, for 6 weeks

HMG-CoA reductase activity

Mierosomal fr.
‘dpm/ it per mg protein)

High-fat, high-cholesterol diet

Probiotic

Probiotic 1258 1 H86*

Control 46b8 4 7228
Basal diet

Probiotic 27022825

Control 3006-+644"

The values are means+ SD for 10 rats.
"Values ina column with a different superscript are
significantly different (f-<0.05).

i Cholesterol 7 a-hydroxylase ;&M
Table 6 17 Cholesterol 7 e-hydroxylase iG1E1C
Ry =

SRR O oD T, BRI,
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Table 6. Cholesterol 7 «-hydroxylase activity in the
livers of rats fed a high-fat, high-cholesterol diet or a
basal diet, with or without probiotic, for 6 weeks

I-cholesten
3oane

7 a-hydroxy
Probiotic 1-cholesten-3-one
Covamnl /e por g prolein)

High fat, high cholesterol diet

Probiotic 9L a7 =0, 98t bY3.6 = 8207
Control 3.01£1.97° 89,9161 . 5¢

Basal diet
20,86 8. 40°
Tdad=—=0 13"

Probiotic
Control

The values are means=5D tor 10 rats.
“Values in a column with a different superscript are
significantlv different (p-<0.05).
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Table 7 23 d A7 o — L2 A 4 ERHA
DEFICOVTTR T, EFERA, WaEENELD
FOAST S —B LD AT 0— L EEE
a4, HiEECH&E - S vAFu—LRlET
OTH R =R LN b a— A O A
PR &E7, BEAHC SLWTEESAL A,

— T
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Table 7. Faecal steroid concentrations in rats fed on
a high-fat, high-cholesterol diet or a basal diet, with or
without probiotic, for 6 weeks

High-fat, high- SR
chalesteral ciet Rasal dier

Component

Prahiotic Control Probiotic Cantrol
'ﬂim'#- i per ‘“
Coprostanol 283+ 3.4* 1072 4.9° 18020451
Chelesteral W.lxl2et 40f182 T2 2073
CA 2 0.070.02" 05 L0020
bea 0122006 (0.0940.06"
ChCA 00520002 (L0602
LCA D008 100 iy

CA, cholic acid; DCA, deoxycholic acid; CDCA
chenodeoxycholic acid ; LCA, lithocholic acid

e valu ‘e means S0 for 10 rats.

Vialues in a row with a different superseript are signifi-
cantly ditferent (p < (.05

Log no. bacteria per gram faeces

0o 1 2 3 4 5

E coli
Streptococcus

7 80 1 2 3 4 5 6 7 8

Bifidobacterium
Eubacterium

Lactobacillus

Clostridium

Veillonella

Bacteroidaceae
Megasphaera

High fat, high cholesteral diet

Basal diet

Fig. 1 Composition of the faecal microflora of rats fed on a high-fat, high-cholesterol diet or a basal diet, with or

without probiotic, for 6 weeks.

Values are means for ten rats, with standard deviations indicated by bars. Mean values were significantly
different from those of controls; *p<0.05, "*p<0.01.

4] Control | | Probiotic
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Fig. 1 o5 6 MRS OMEMRE 4Rl
B L EWBA AR LTy P OEETIC
Streptococcus,  Bifidobactevium, Eubacterium,
Lactobacillus O EERAHEREINMEEIZSH D, £
coli DL AW EEC H- 7z,
ALATO— 2 2IREAE L URBTHERERE
BB T L 7T L D VRS ORH
SRR I TR T Table8 o, 3
VAT O — IR &R O NI T3 2+
5.7%THLOIINL T, SHMAIEAETT.8L1.T
%, L. acidaphilus T73.714.8%, S. foecalis T
T4 1+H4.6% EEVLESZRL TWi, ZOHTE £
CERBADMOR—HME LB LT, VAT
OD—®) I AL EEAAEICET & T,
B OMH I - OWERIZ 20Ty, L
Wi O E R ST 2 — L ER A HE L
AR, TR O T — LR FITEIET9. 4 4 11 .4% (&
BEHCV=0.14, n—=6) Th-t. LMBHA, L
acidophilus B £ 18 S, fuecalis & &2 LiFWSTd 2
—VEBRERS L T, 20PTL & EHE
Flas A £ O AT A -GS LT,

Table 8. Effect of probiotic, L. acidophilus and S.
faecalis on cholesterol micelle formation and bile salt
binding in vitro

Cholesterol micelle Chalie s

Microorganism transmittance T,
(%) pwmal)
Control g5 2 muly, T 0.78+0_12%
L. acidophilus 73.7+4.8" ().54+0.08"
S. faecalls 74.1x4.6° (0.51£0.06"
Prohiotic 67 . 8L.7° 0.2510.06°

The values are means= 5D for 6 samples.

weValues inoa column wirth a different superscript are
significantly different (p<2(.05).

The abzorbance was measured at 450 nm o give Lrans
mittance (%).

The cholic acid concentration in supernatant was mea-
sured by GLC.

Thirty mg of bacterium were added to the buffer, but, not
in the control.

% =

Table 1 wnd & 9 EBHIESRTH S,

IS OMAEIEE 2 BRSNS D I R
ANT hpueE | fphie, FRFEAMELY D
BAEmOEBENEL D LS, #ERICBE BN
TOMAE W S OO T g TR £ 5
ho, Fk FEUAGEE G ATu—L
By PEBWTIMEROE I AT O —
B LUFVLDLAIDL4LDL 2 b A7 u— L2 HEI
EFa&88 Tl £/, HDL 21 v A 7 u— O
LR ez, CJhad, LERFLRE TR REAB-
1000 &R ®E & L < 1 HDL 42 & VLDL+IDL+
LDL A~ A7 NALEAFEL THo050 6 LILE,
TR R S T LT 0, HPE
AV ATO—L L EEICREDYL Tul, £, &8
#E L SIS T e AT o— AT HGM-CoA
reductase iFE#ETFE BTl —ECI VA7
2t COMEOHEMELS, Larl, 50
O EPIT A THEC T OFEg R P2
TeRsB Lo, TOZEBEREESS, TVAT
o—nEHE L EE, FTOa AT o—LEg
ROFEE M L TuwaOnh Likwy, TTHECE
VA AR I EREESES I v T, 2w A7 o
— a0 % AL s S FOEERET A L
ety ST 00, R RAEERHRY O FRET (R R E T o
ZICKET 2 TRIOEEEACDWLTH, K
Bthic S T 2T AR TLua0hE Lk,
WEAO S Tk Fra—g, ) b —VEs,
JATU—LBLIUITOAY /- OHEE
B -mara7e - LRBETHENL TWL,
Lactobacillus (XHEHEEN 0 v A 7 0 —ir E OWETE
Bz e BEOBEEFRICL->T, A7 0D
#EDPAOPRE2ENS YA S TWwa%0, S
s TR L, b A F O —ibd SR EED
Mg T H 4 Cholesterol 7 e-hvdroxylase 54
iSRSt T B invilyve TH AV A
7o — B LU BORSTHABOBE»S 4,
N 6, DA FEOMIRAET 2, ZLTaVA
T — b 3 A LRI S IR A s L fo T e
EAE L, EEThAD I 7O Y S —ND PR ¥
Fprdait, 1A AY S — OIS E
OFFHAL OB A S0 H LA nEY, & D RkiE
ISP AL LT d T A LT,
Bilidobucterinm 52 Enbacterinm O3S £ E
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ZEx iz, Hoffman 3@l Bifidobacterivm
DL E L - LERLT AR, LhlLiis,
Lo O FElE T, Bifidobacteriom V2 AEBBIFIRS 2
L 010 efu/g veibETLEAE Lz, 2 ERF
DA AL s S Tw a0 L Lk,
SRR, AT K coli DBEEL0 clufg Lol
VLI % 2 BN AT T 5 £ AR Th 99,
[, Bifidobacterium 52 Eubactevim Q¥ LF E.
coll DY LBl onTETHThH 1, Linl
P2 e, Laclobacillus 40557 ph 2 404 FLAES T
o S0 A o 2 5 405 RS I I O
FHRE LI 22k L T & afREdEATR 1 2 &7
i, Lactobacillus 55 Clostridivm 53 F. coli 245 F =
BTLHOmE LA n, b L, FREENN
0 Lactobacilius 75k 5 5400 EETEGEE I
AR & CHEMAER EISIL Ty aDm b
LAt7g a3 - Hitching & MeDonough 3.2 — 70
ko) T HE Bifidobacterium ';‘Pji‘i‘ffﬂl:'I’J!_. SRS
Mg a3 A T o—PhElcdE T2 2,

FHELThaEW,

Probiotic/dietary chaolesterol

g — HDL ------- - VLDL
Liver h

(Intestine a Acetyl-CoA LDL
Microflora

Lactobacilius

Bifidobacterium

Eubacterium

Streptococcus

and/or

|
Probiotic X
{

' Y
= Cholesterol Receptor

i i-.l d Remnant

f

,,,,, - Chylomicron

Bile acid
g +

————— Weak
Normal
— Strong

Faeces

Fig. 2 Postulated modification of cholesterol metabo-

lism in rat liver by probictic feeding

Candida ubills ZHRBETH O, 5 >3 SR
HOEAE % 2 Monilia albicans 1XFE@ s o fl
Eniinste, 7w FOSEROWRBHSS Z20E
BT

PLEOERA Fig. 2 ok Lo, HERDEFS
AMizEE s mo v AT —EBRo L E, 7w b
DEMNICE TEBE TH D Lactobacillus,
RBifidobactervium % @ . B B 5 Streptococcus,
Eubacterium ORTINE L TNEIREED £, coli O HE
Fi7s A e, BPNHIEE Sk 7 > ApEE s
Ttz (Fig 2-a), MWKicBWTi3, BN TlEs
I B & ORI S DEEETID X 5 S
—4, EamAoEEr%d (Fig.2-b), 2R
TO - LEGROHENETH S UMC - CoA
reductase {itEHE P L Tz (g 2-¢). L L4
D, TLATO— i [Lﬁil‘@it'ﬂ@\@?iﬂiﬁ##
T4 Cholesterol 7 a-hy drO\} ase {id e e
ARt (Fig 2-d). $£72, U/ —VEEA
faf0{bBEE TH L A6 desaturase #HMC W T Y B
HLTwl, BRCOBWTHE, AiE2 w27 o
A, Bidlathe 2 v 25 o— 5 LU R o
VAT 0 b b A A AR I & oW P
CED 2R E2HELTED, JVAFT—
B LU RO R Aot s L vz (Fig.
2c)e i, FhCfEL, T ATFo—ak L FHE
Pl OO PR A3 A L T s & ETfEtE A RV (Fig, 2-
N % OfR, IEE L UIHgt o2 270 -0
BIEPERCH#RISNTWE I L8 sn b 5

(Fig. 2-g. h), —#&i, ﬂkﬂél-]h\w A 7 m— e HE
e 25 L &, IR T0 HMG-CoA reductase
W PR AT S ERC R A8, Sz L T
Lz, ZOT R, EWERIOHRE, BNTOR
TN EDOREE, HETOH I AT a—1-56k

?H%ll T LPE R W ER LT S IR GHE

&
AR,

2 X #

(1) R.Fuller: J. Appl.  Bacterinl., 66, 365 378
(1489).

2) N, Kimura. M. Yoshikane, A. Kobayashi, and
T. Mitsuoka : Bifidobaclevia  Micvoifora, 2,
41- 55 (1983).

— Bt —



Al - P b

C.B. Cole and R.Fuller: . Appl. Bacteriol .,
56, 495-498 (1984).

T. Tomoda, Y. Nakano, and T.Kagevama ;
Bifidobacteria Microflova. T, 71-7T4 (1Y88).
N.Chateau, 1. Castellanos, and A. M. Des-
champs : J. Appl. Bacteriol., T4, 36-40 (1993).
A.D. Hitchins and F. E. McDonough : Awm. [.
Clin. Nutr., 49, 675-684 (1939).

G. Hepner, R.Fried, 5. 5t Jeor, L.Fusetti,
and R. Morin: Am. /. Clin. Nutr., 32, 19-24
(1979).

K. K. Grunewald : /. Food Sci., 47, 2078-2079
(1982).

G, f B, S, IEE—, B
HEE: BH 70— EERRA LAY A,
LML, b v —, HIT, 1989,
pp. 121-144,

A B, EHUESE, (UNTE D B, 62,
565 571 (1991),

G. V. Mann: Atherosclerosis, 26, 335240
(1977).
M. Nakano and W. Fischer : Hoppe-Sevier's

Z. Physiol, Chom ., 358, 1439-1453 (1977).
Committee on Care and Use of Laboratory
Animals, Institute of Laboratory  Animal

Life
National Research Council, in “NII1 Puhlica-

Resources  Commission  of Sciences,
tion No. 85 23 Guide for the Care and Use of
Laboratory Animals”, Soft Science Press,
Takyao, Japan, 1936

J. Folch, M. Lee, and |, H. Sloane Stanley : /.
Biol. Chen., 226, 497 509 (1957).

S M. Grundy. I H. Ahrens Jr.. and T. A,
Miettinen : [ Lipid Res., 6, 397 410 (1965).
M. Fukushima and M. Nakano: Br. [ Nutr.,
73, 701 710 (1995).

M. Fukushima M. Nakano :
Biotech. Biochenr., 59, 860-863 (1995).
K.Ozawa and II. Yokota: fpu. [ Vet Sei.,
43, 771 Ti5 (1981).

K. Ozawa, K. Yabu Uchi, K. Yamanaka, Y.

and Biosci.

Yamashita, K. Ueba, and T. Miwatani:

)

23

20

(%)

(26)

{27}

()

(29)

&l

)]

(2

(33

(34

Microbiol, Tmnumol., 23, 1147-1156 (1979).
M. Furushiro, H. Sawada, K. Hirai, M. Motoi-
ke, H.Sansaw, S.Kohavashi, M. Watanuki,
and T. Yokokura: Agric. Biol. Chem., M,
2193-2198 (1990).

1. H. Lee, 1. Tkeda, and M. Sugano : [ Nutr.
Sel. Viteminol., 37, 389-399 (1991).

S, E. Gilliland, C. R. Nelson, and C. Maxwell :
Appl. Envivon. Micvobiol., 49, 377-381 (1985).
B. H. Arjmandi. ]. Ahn, 5. Nathani, and R. D.
Reeves: [, Nulr,, 122, 246-253 (1992).

. Hoffmann: Zbl. Bakt. 1. Abt. Ovig.. 192,
a0 S08 (1964).

N. Ishibashi and S Shimamura : Food Tech-
nof 47, 126-136 (1993).

S, E. Gilliland, M. L. Speck, G.F. Nauyok,
and I, G. Giesbrecht : /. Duivy Sei., 81, 1-10
(1078)

M. Nakano and W.Fischer: Happe-Sevier’s
Z Physiol. Chem., 359, 1 11 (1978).

K. A. and M. Nakano:
Biochim. Bioplyvs, Acta, 528, 298-308 (1978).
K. Itoh and R. Freter: Infection and Immu-
27, hhHY H6h (1989).

M. AL Daeschel : Food Technol., 43,
(1484).

S E. Gilliland M. L.
Prof., 42, 164-167 (1977).
H.J. Peppler: In “The Yeasts”, Vol. 3, eds.
by A. H. Rose and J. S. Harrison, Academic
Press, London, 1970, pp. 421 -462.

M. Fukushima and M. Nakana: Br. J. Nutr.,

76, 1n press.

W, Fischer, Laine,

miky,

164 167

and Speck : f Food

Report of the American Institute of Nutrition
Ad Hoe Committee on Standards {or Nutri-
tional Studies, . Nutr., 107, 1340-1348 (1977).

SUMMARY

The effect of a probiotic composed of Bacillus,

Lactobacifins,

FURVCES

Succha-
107 =%

Strepococens, Clostridinm,

and Candide species (each at
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colony- forming units/g rice bran), given at a
level of 150 g/kg diet for 6 weeks, on lipid metaho-
lism was examined in the faeces, serum and liver
of male rats.  Liver weight decreased 35 % in the
rals fed on a high-fat. high-cholesterol diet
containing the probiotic.  Total cholesterol con-
centration in the serum was significantly lower in
the prohitic group than in the control group
throughout the experimental period in rats {ed the
high-fat, high-cholesterol diet, and HDI-chaoles-
terol concentration was signicantly higher (p <
0.00) in the probiotic group than in the control
group which was fed for 6 week experimental
The serum VLDL { IDL |

IDL -cholesteral consgentrations in the probiotic

period on a basal diel.

groups were reduced compared with those of the

corresponding  control  groups.  The  probiotic
groups fed on the high fat, high cholesterol diet
and the basal diet had lower hepatic cholesterol
concentrations than did the corresponding control
groups  (p<0.05). Hydroxymethlglutary coen-
zyme A reductase (NADPLH) (EC1.1.1.34) actlivity
in the liver was lower in rats fed on the high fat,
The

neutral and acidic steroid concentrations in faeces

high cholesterol diet with the probiotic.

were higher in the probiotic group than in the
control group fed on the high-fat, high-choles-
terol diet.  FEscherichia  coli  decreased and
Bifidobacterinm, Streptococcus and Laebaelerim in
the faccal microflora of rats fed on the dictary
probiotic.  Lactobacillies in the probiotic groups
was higher than that in the control groups.  The
capacity of the probiotic cells to bind bile sall /i
oitro was signilicantly higher (approximately 50
that of the

(Lactobacillus  acidophilus

%) than single - bacteria  cells

ar  Strepotococcis
faecalts, £<0.03), On the other hand, cholesterol
micelle formation for the probiotic cells was sig-
nificantly (approximately 9 %) lower than that of
the single-bacteria cells (p<0,05),  These results
indicate that the probiotic promotes Bifidobacte-

viveme and Foubaclerivsn in the faecal microflora,

decreased the synthesis of cholesterol in liver and
increased the loss of steroids from intestine, in
rats. Thus, the probiotic had a hypocholester-
olaemic role.

Key eords : Rat, Probiotic, Faecal microflora,

Cholesterol, Bile acid.
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