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Effects of Lactobacillus plantarum CIB 001 on Lipid Metabolism of
Hypercholesterolemic Rats
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'R&D Division, World Institute of Kimchi
College of Veterinary Medicine and Veterinary Diagnostic Center, Chonbuk National University

Abstract The aim of the present study was to assess the anti-hypercholesterolemic effect of bile salt hydrolase-producing
Lactobacillus plantarum CIB 001 (KCTC 11717 bp) in rats fed a high-cholesterol diet. Four treatment groups of rats (n=5)
were fed experimental diets: a normal diet (ND), a ND plus L. plantarum CIB 001(NDL) at 5.0-7.5x10° colony forming
unit (CFU)/day, a high-cholesterol diet (HCD), as well as a HCD plus L. plantarum CIB 001 (HCDL) at 5.0-7.5x10° CFU/
day for 6 weeks. Compared with the HCD group, the HCDL group demonstrated a decrease in serum triglyceride
(»<0.05), total cholesterol (»p<0.05), and the corresponding HDL-cholesterol concentration increased at a rate of 40%
(p<0.05). The HCDL group also induced a decrease in liver inflammation and steatosis. The present results suggest that
supplementation of L. plantarum CIB 001 can have short-term (6 weeks) effects on blood lipids and liver injury, as well

as on the atherogenic index and cardiac risk factors.
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Zke] B F7K13), %%‘%“&-4 AR 4548 Honkge] A
gzlel AA|(14), 85 ZH2H 2 ABLaI(15,16)9 7o)
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2zt A7l F YARENE olgEle] FAE F4d U E

Ea EXERR A BoA|e} A =7
E37lo) Fsled 2087 Al 8 12 ZHS s
12 7Y & S5 RS HPAR sl bkt 1.0-1.5x10"
CFU/ge| EFE=s ARSI Easiely ddaiA st
of Axeiet. Al2E FaktE e DEAIA 4°Cl HashuA
]_

AEE ARSI
HES=2l Moj=d R MSF

AHFES AT 377 € Sprague-DawleyZl] 3 ‘f]_‘l’la ( el
SHalo] @ 7 F(Seoul, Korea)ZHE] Hofitol Alg Azt 2 1524
Zb s}t dnk AR R AR F AFsisith “‘6“‘01
o] 4L Table 13+ 20H, 45 B9k 1072]9] AAE 2
FUZHE Hols TSR, WA 1ovk e A= o
AR S FESIITH

%39 (randomized block design)ol] e} ZHz}e] 2]o] 1ol A
s 21 E 0 ® WAl Afwe YUREE A 2 ol (normal
diet group, ND), YWHALE-FAtd 2 o] (normal diet supple-
mented with L. plantarum CIB 001 group, NDL), JZZd2HE

Table 1. Composition of experimental diets (g/kg)

Experiment groups"
Ingredient
ND NDL HCD  HCDL

Casein 200 200 75 75
Soy protein - - 130 130
DL-Methionine 3 3 2 2
Corn starch 150 150 275 275
Maltodextrin 10 - - 150 150
Sucrose 500 500 30 30
Cellulose 50 50 90 90
Soy bean oil - - 50 50
Corn oil 50 50 - -
Cocoa buffer - - 75 75
Coconut oil - - 35 35
Mineral mix S10001? 35 35 35 35
Calcium carbonate - - 5.5 5.5
Sodium chloride - - 8 8
Potassium citrate - - 10 10
Vitamin mix V10001% 10 10 10 10
Choline bitartrate 2 2 2 2
Cholesterol - - 12.5 12.5
Sodium cholic acid - - 5 5
FD&C red dye #40 - - 0.1 0.1

Total 1,000 1,000 1,000.1 1,000.1

UND: normal diets, NDL: ND+CIB 001 (5.0x10°-1.0x10'® CFU/day),
HCD: hypercholesterolemic diet, HCDL: HCD+CIB 001 (5.0x10°-
1.0x10" CFU/day).

PAIN-76A Mineral mix (g/kg): Calcium phosphate dibasic 500 g,
Magnesium oxide 24 g, Potassium citrate 1 H,O 220 g, Potassium
sulfate 52 g, Sodium chloride 74 g, Chromium potassium sulfate 12
H,0 0.55 g, Cupric carbonate 0.3 g, Potassium iodate 0.01 g, Ferric
citrate 6 g, Manganous carbonate 3.5 g, Sodium selenite 0.01 g, Zinc
carbonate 1.6 g, Sucrose 118.03 g.

9AIN-76A Vitamin mix (g/kg): Vitamin A palmitate 0.8 g, Vitamin
D3 1g, Vitamin E acetate 10 g, Menadione sodium bisulfite 0.08 g,
1.0% Biotin 2 g, 0.1% Cyanocobalamin 1 g, Folic acid 0.2 g, Nicotinic
acid 3 g, Calcium pantothenate 1.6 g, Pyridoxine-HCI 0.7 g, Riboflavin
0.6 g, Thiamin HCI 0.6 g, Sucrose 978.42 g.

A& 2ol (hypercholesterolemic diet group, HCD), JZ#| 2 H|E
AYE-fAFE 2] o] (hypercholesterolemic diet supplemented with
L. plantarum CIB 001 group, HCDL)S. = o},\iE‘r Adad 4
FES caged 2vtelé} 3wl EEldtd F suiElE 6Ab AL

S3PH AFSALE AFFEES 2% 25+2°C, ¥ 50+5%, ¥
4371 12417H08:00-20:00) 0.2 A5 AAE FEAF oM A}
S 2o)E s ghHA HFHl “11 o whe} A
o2 FFEReH Ape AEA AF=ES SFTh
2o|l#e FARFEL 1g8 10mLeY] 2<re] 2 °*1?4 1%7& Eis
A &3 &, 78 vl (oral feeding needle)S ©]-&-3}¢]
W 500 LS FoIste] 5.0%x10°-7.5x10° CFU/day®] frAktS A
Fs=E ston, vkt do|lagow e A5E AT
FoIk3l

AR71ZE & AREE iﬂz% l—zr o=
2lo]ge 3duitt FUg A7kl 2 Z
2P AL, 2ol a&(food efficiency ratio, FER)
Aol dF ol tigt Als S7HEAISS 7 Ae
ALrstdTt.

rlo
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gSEc g3z £ ¥ 24
677+ ARSI S 25t bpfER o dols K
3led 2,000 rpmoll A 2047 A4lETsie] A I
%= Cholesterol Etest kit(Wako Co., Osaka, Japan)E /\}3-0}04
SYZHES SR, 679 ATl Bt dF
%8 FEA17] ] 12417F &F A2 A7 § ZoletilZ Rompun
3:2 H&E2 EFste] 50 ul/100ge] &#%o 7 miFHsty
5, AR o R Ao FAE HLm;}oq ERE
Ak AFE FAL 2,000 pmoll A 2087+ AR SR
de 5 ogwel o]¥E AT (Eone Reference Laboratory,
Seoul, Korea)o] <]F3le] FAdA| W (Triglyceride, TG), HDL-Z 2|
2~B| E(high density lipoprotein), LDL-Z&]|2H Z(low density
lipoproteiny& 4138}t

(ol o ot O}N' i, ﬂ

ol
—-—4 -

rulo

HETAXE LHE

Az A E3AIF A gE A5 573 $4X] 5 (athero-
genic index, AI), 479 ¥ A4 (cardiac risk factor, CRF), HTR
(high density lipoprotein cholesterol and total cholesterol ratio),
LHR(low density lipoprotein cholesterol ratioy= o}2jje] &-2]e] £
st A=t

Al=(Total cholesterol-(HDL-cholesterol))/HDL-cholesterol
CRF=Total cholesterol/HDL-cholesterol
HTR=HDL-cholesterol/Total cholesterol
LHR=LDL-cholesterol/HDL-cholesterol

= =L X o — =
o2 AN HF BRE H¥sel 1 24 A2W F
09% ANADEE 343 A3 o} Sl ol % $A8
AANL AA 2 FRE AAT T FFS SPsAch 1%
x] 9 Aurzd X FE)shy B Ja) 7k xFo Ans
AZse] 10% 54 95 T2DY golold 242 ol 34
sk 34N F 7 245 s2E 2 R S

A

70, 80, 90 % 100% NE2LI = %ﬁl@zi %}? % paraffin
a5
Germany)Z °F 4 um F72 13}
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G, xylene® 2 FHIIAA B¢
Nicon, Tokyo, Japan)2.Z #2319t}

g thy 3k (TS100,

SHXNE

RE 39 A= Haa ¥EHA(standard deviation, SD)S
ALt et 257 79432 GraphPad Prism package 4.0
(GraphPad Software, SanDiego, CA, USA)S ©]&3te] ddulx|
FEAHE-X (one-way analysis of variance)2 AAISINIL p<0.05 F
oAl A Tukey’s test® AFFASS FasISlth
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o= 77}5]:: AL HEASAL, HRAW F48 AAsk= &
Wt Arbse e ow FFET ISk fAkte]
gk ol et Ede FARFAIEY AEo] AWE Frdte] mjAE
7] oz ALREMH23), AXFAFQ L plantarum CIB 001
9] 2lo] Aof|= Fof| o|EHQ AFAHs AUt US A=
AlgEo g IS ARE E3) o]|E =w3lA}l sit)

ooy Rom

3y XF “é! Hs}

CIB 0015 657F Tt 3Fe] 84 U & FeZEHES 2
F o= i*}f& A= Fig 13+ 2ok A “401%94 NDe}
NDLO] 8% SFHZHE T2 47004 foFe=
F= BoU 279 6ol E o7 oS Hol 1 ?%%‘EL S
kel g 2EE A 717 gEA g23 40
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Table 2. Changes in body weight gain, food intake and food efficiency ratio

4 weeks 6 weeks
Groups"
ND NDL HCD HCDL ND NDL HCD HCDL
Weight gain (g/rat/day) 60.40+14.94 57.85+8.83  61.85+10.74 62.20+11.00 23.05+19.58 19.00+15.39 25.80+19.08 19.66+18.30
Food intake (g/rat/day) 22.57+1.32° 21.47+0.35" 18.40+0.83* 19.30£0.66° 21.55£2.27° 21.66+£1.22° 18.70+1.31° 18.88+0.58"
FER? 2.67+0.63 2.69+0.45 3.36+0.59 3.22+0.57 1.03+0.87 0.85+0.68 1.40+1.04 1.04+0.96
UND: normal diets, NDL: ND+CIB 001, HCD: hypercholesterolemic diet, HCDL: HCD+CIB 001.
JFood efficiency ratio: weight gain (g)/food intake (g)
All values are mean+SD (n=2)
*“Data are significantly different by one-way ANOVA followed Tukey’s multiple comparison test (p<0.05).
160+ [ 2 weeks
4 weeks
140+
c B3 6 weeks
= 1204 T
g b
= 100+ T
=
2
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=
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H 404
204
0
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ND NDL HCD HCDL

ND NDL HCD HCDL

Group

Fig. 1. Effects of CIB 001 on total cholesterol in rats serum at high fat diets. ND, normal diets; NDL, ND+CIB 001; HCD,
hypercholesterolemic diet; HCDL, HCD+CIB 001. All values are mean+SD (n=5). **Data are significantly different by one-way ANOVA

followed Tukey’s multiple comparison test (p<0.05).
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Table 3. Contents of total cholesterol, HDL cholesterol, LDL cholesterol and triglyceride in serum of rats fed experimental diets (mg/dL)

Groups" Total cholesterol HDL cholesterol LDL cholesterol Triglyceride
ND 46.78+4.60° 31.90+5.04* 7.60£1.81% 25.80+7.12
NDL 37.89+£7.21% 34.00+£3.62% 8.00+2.54° 24.00+£5.33°
HCD 98.42421.50¢ 40.00+2.94° 44.00+25.90° 67.40+20.01¢
HCDL 69.34+13.71° 56.06+3.42¢ 38.20+22.73% 45.60+8.08"

UND: normal diets, NDL: ND+CIB 001, HCD: hypercholesterolemic diet, HCDL: HCD+CIB 001.
All values are mean+SD (n=5)
*Data are significantly different by one-way ANOVA followed Tukey’s multiple comparison test (p<0.05).

2.0- 3.09
b 246053P
146+ 053
2.54
1.5
2.04 a
w 1.52+040
S
I 101 154 a 1.24£0.25%
a 1.11£0.19 I
0.54 +040
1.0+
0.54 a
0.24+0.25
0.11£0.19 0%
0.0 v T v T 0.0 v T T T
ND NDL HCD HCDL ND NDL HCD HCDL
Group Group
A B
b
1.5+ 1.54 1.31£0.28
b
1.24 1.24 1.00 + 0.34
b
0.92+0.16 b
oo ) T 0.83+0.18 054
« 0.690.16" ! n:
£ 3
0.64 a 0.64
0.42+0.09
a
0.27+0.03
0.34 034 0.18 +0.042
0.0 T T T T 0.0 T T T i\
ND NDL HCD HCDL ND NDL HCD HCDL
Group Group
C D

Fig. 2. Changes of serum lipid parameter of the subjects. ND, normal diets; NDL, ND+CIB 001; HCD, hypercholesterolemic diet; HCDL,
HCD+CIB 001. All values are mean+SD (n=5). “*Data are significantly different by one-way ANOVA followed Tukey’s multiple comparison
test (»<0.05). Al: atherogenic index=(Total cholesterol-(HDL-cholesterol))/HDL-cholesterol, CRF: cardiac risk factor=(Total cholesterol/
HDL-cholesterol), HTR: high density lipoprotein cholesterol and total cholesterol ratio=HDL-cholesterol/total cholesterol, LHR: low density
lipoprotein cholesterol ratio= LDL-cholesterol/HDL-cholesterol.

o] olggog <lgt BF F|2HE A3} 7177H24-26) kT wote] FYZEES Felskl UAAIFTRs Aot RSt
of ofgt U #+Fo] WlE FH2HES coprostanolZ 3| 6 & AgAe] & F4X%4= HDL-, LDL- ¥ & Z¥|
HNO2AM FFE A= 22 dEA Urk@27-29). CIB 001 ZHE TS 2 AI(Table 3), TAAES] &2 8740l
FAHEE in viro AZAA FFAF GEF S0 HEHJ=H T(ND, NDL)oll H]3l] ZZFZHE 24]o](HCD, HCDL)oIA
Q1) £ Aol 3 FHo FAs A}, AZFE2HE 2]o]tel ooz Z718l9a. HCDLTS HCDZO Blah <oF 32% H%E
A% HCDw-ET} CIB 0012 2]¢]g HCDLz°| Sd2HES oHo 7 A ol fAkFY] XA T 57K16,28,31-34)
Al HAANFIL Fakd e sl GoFrloldt FEeE F o} A FE2E9) AA Aot axpel dAske 4945
o5 ZasheE AL IRISALE ol Kumar 5(30)°] in vitro YERA AT

Ao GE5at g2 &S 3013 L plantarum Lp213}+ L. HDL-Z#|2=H 22 lecithin cholesterol acetyl transferase(LCAT)

plantarum Lp91S BF A AZ2E|E 2ole} A 35 &< o] ZA3tol] #Fodsle] cholesterol®] AlEW F92 Ak 3
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D

Fig. 3. The histopathological change of liver tissues in each groups (H & E stain, x400). A: ND (normal diets), B: NDL (ND+CIB 001), C:
HCD (hypercholesterolemic diet), D: HCDL (HCD+CIB 001). Abbreviations were same as Table 1.

7dshd 28-S WERNL35) el iAol thek 2G36)
9} HJe] FHZHES 7oR ol FAA sHAste] YA
& =Fe 9% M (37), LDL-EZHZEHES 3 ol S
HES FAslng su7st 5o 2ol daHo] e Jo=
dEA Urh4). & AFolA LDL-ZHZEHES] T H/44
o] ZMND) Bls] ZEFH2HE 2]o]HHCD)] FoFoz =3k
IEHZHE Aol T friktol Fol® HCDLwelA el
gloy sk 43S Bk T3, HDL-Z2d XS 3%
g7d2ol(NDyell vl EH ZEE 2 o]ZHCD)NA oF
25% S7Fekem, HCDoll vl fakt& 4013 HCDL<l
A ok 40% A= frelHom ST SN HDL-Z ¢ 2~H)
Zo] Aol ZND)| Hla] ILEY 2| SEHCD)PIY F7)s)
BEE Yeiliel ol A Holm 3 €Y F F F
ZEHE & Sl 719% AoR AlgEY F FHIHE o
Foll gk HDL-Z#=E &2 vl (Fig. 30y A&l o
ND-0] 9F 0.69+0.16°132 HCD- <F 0.42+0.092 AHEE =
tl, ©l= Cho 5(6)¥ Moon (10)2] ZAL2o] AF M=
AR B3-S UeEhiITh
S AR ANSE AEHBANAL AFS] CRE, LHR, HTRO|
gk A3+ Fig. 29 2tk AL—: XO*WOFL(ND) oiu] e
ElE 2o]HHCD)MA] oF 2.8°) A& FolH o= F7leilal i
ZY 28 E 2lo] T CIB 0012 FI¢ HCDLollA <F 6l
T RolsAl ZAAZ M (Fig. 2A), CRFE HCDZl thH| s}
HCDL-IA <F 1.9] A foFog WolxthFig. 2B). & &
H2HE F HDL-ZFHZHE HEHTIR)ZH LDL-ial_éEﬂ% H]
S(LHR)S A9 H™E HTRS CIB 0012 2]o]7} AAFajolzz}t 1
Y ZEE Aol FolHer S7HA Jeun S(38)°] VR
243 olA HDL-Z# & Ee] S7he A3l frAlsksith. LHR

ft rle K

&

oM A/dol(ND) tiv] ZFHLEE 2o]F(HCD)o] <F
489 A= S718I HCDL=olA oF 138 7HAstgont &
o) F o] AUTh(Fig. 2D). AlS} CRF= A dAA A tg ¢
s aA dAollr F=2 AR J=H(12,39) CIB 0012] 2
o]7} olg]d A3t Yot YIRS foFor I AL &

&

F AUSATE WA CIB 001 fikdS H-8sk= Zo] AguAd
2o g AR BEAQ qds & S o= AlmEh

= (s}
Rokom Al M wide] 135122E}(Fig 3A). 74
x| I} Az g A
220] vjgo] AL ND%Jr H]Lo}oq AZ R fAFSE
PEE Hol ali’it}(ﬂg. 3B).

FHE2HE 2o|FHCDyE AL BE xS} 7F 55
@%(Smusmd) oMz g g 54 WA FEHA
ZFE 3 A A2 ol mlvbde] Xdwido] #hEE T
Tgk xS e A FEHE A B o F
o] dF #FFG o THM e uige] TS E A THFig.
30). AZH2EE o] & CIB 001% 93 HCDLY 79, 1
oz TR} 7F FRYEH YA EA FE H 554
uq/\-lo] _471—39}\014. HCD:rLoﬂ u]oﬂ ?/\1241:143 ZATOE z%)\]-
R2eFe] A2 Aol FAF oW Ak wdo] AA8] Ay
ATk, Tk x| wigoe] el vl e A FAA B
zH/lgE] 7]-/\ﬂjL_E Z/\]oi HHOE‘Q] ﬂiy} Oj.Z./\ﬂE x]%o] Z:]'ﬁ\—
g Holg Aoz L THFig. 3D). WA CIB 001 -FAkt
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