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ABSTRACT

We investigated the serum cholesterol and visceral fat lowering effects of combined lactic acid bacteria

(Lactobacillus casei WK3, Enterococcus faecium WKS, Bifidobacterium longum WKO9, and Lactobacillus plantarum
K-1) in high fat diet-fed mice. To investigate the hypocholesterolemic effects of lactic acid bacteria (LAB), six-week
old male C57BL/6] high fat-diet fed mice were orally administered WK3 (2.0 X 10° CFU/mouse) alone or mixed with
WKS5, WK9 and K-1 (Combined LAB, 5.0 10° CFU/mouse) for 6 weeks. The normal diet control group and high
fat-cholesterol diet control group (HFC) were given PBS instead of LAB. After 6 weeks, pathological and biochemical
blood analyses were conducted. Upon blood lipid analysis, the levels of total cholesterol and low density lipoprotein
cholesterol were significantly decreased in mice in the Combined LAB group (135.2+£19.18 and 50.3+0.97 mg/dL,
respectively) compared to the HFC group (154.3£15.60 and 64.1+0.73 mg/dL, respectively). However, treatments had
no effects on the serum aspartate aminotransferase and alanine aminotransferase levels. In H&E stained liver sections,
HFC mice showed accumulation of lipid droplets, but they were rare in livers of Combined LAB fed mice. The
increased epididymal adipose tissue of high fat diet-fed mice was significantly reduced by Combined LAB supplementa-
tion. These results suggested that administration of Combined LAB had serum cholesterol and visceral fat lowering
effects and could be useful probiotics for cholesterol and visceral fat lowering products.
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Table 1. Effect of lactic acid bacteria on the body weight of
high fat diet-fed C57BL/6J mice

Groupsl)
Weeks Combined
NC HFC WK3 KB
0 20.7+0.782 20.8+0.67° 20.9+0.67° 20.4%0.14°
1 20.740.84*  21.940.66" 2144045 21.3+047™
2 208+1.03" 22.540.72° 21.9+0.17° 23.0£0.67°
3 21.541.05" 23.740.83° 23.0£029" 23.6+1.02°
4 221£1.15° 243+1.01° 23.8+0.90" 24.5+149"
5 224+41.05° 257+1.15° 248+1.00° 25.9+2.11°
6 22.941.00° 26.1+123" 252+1.03° 25.942.10°

UNC, normal diet control group; HFC, high fat diet control group,
WK3, Lactobacillus casei WK3;, Combined LAB, WK3 mixed
with Enterococcus faecium WKS, Bifidobacterium longum WKO,

7and Lactobacillus plantarum K-1.

Different letters (a,b) indicate statistical differences as de-
termined by ANOVA (P<0.05).
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Table 2. Effect of lactic acid bacteria on the feed efficiency ratio of high fat diet-fed C57BL/6J mice

Variabl Groups"
arlable NC HFC WK3 Combined LAB
Weight gain (g) 1.9+1.18" 5.30.74° 4.6+121° 4.9+1.15"
Food intake (g) 22.742.06° 19.5+1.24° 20.742.42% 19.4+129°
Feed efficiency ratio 0.120.05" 0.3£0.04° 0.240.05" 0.3£0.05"

l)NC, normal diet control group; HFC, high fat diet control group, WK3, Lactobacillus casei WK3; Combined LAB, WK3 mixed
7With Enterococcus faecium WKS, Bifidobacterium longum WKO, and Lactobacillus plantarum K-1.
“Different letters (a,b) indicate statistical differences as determined by ANOVA (P<0.05).
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Table 3. Effect of lactic acid bacteria on the biochemical blood index and atherogenic index of high fat diet-fed C57BL/6J mice

Ind Groupsl)

feex NC HFC WK3 Combined LAB
AST” (IU/L) 43.1+11.86™ 42.843.68" 46.0£11.67" 42 7+4.04°
ALT (IU/L) 25.642.93° 20.1£2.76™ 21.545.75 19.245.02°
T-CHO (mg/dL) 97.8+15.52° 154.3£15.60° 151.5425.52° 135.2+19.18°
HDL-C (mg/dL) 60.9+11.45 83.145.96" 82.7+13.21° 78.6+7.66"
LDL-C (mg/dL) 2624025 64.1£0.73° 61.0+0.87° 50.3£0.97"
Non-HDL-C (mg/dL) 36.9+3.52° 71.3+3.52° 68.844.81° 56.7£7.01°
TG (mg/dL) 53.6+20.38" 36.0+7.33% 39.3+11.12% 33.1%11.13"°
AT 0.6£0.06™ 0.9+0.06° 0.8+0.01° 0.7+0.07°

YNC, normal diet control group; HFC, high fat diet control group, WK3, Lactobacillus casei WK3; Combined LAB, WK3 mixed
with Enterococcus faecium WKS, Bifidobacterium longum WKO, and Lactobacillus plantarum K-1.

2>AST, aspartate aminotransferase; ALT, alanine aminotransferase; T-CHO, total cholesterol, LDL-C, low density lipoprotein cholester-
ol; HDL-C, high density lipoprotein cholesterol;, TG, triglyceride.

3)Atherogenic index = (Total cholesterol—HDL cholesterol)) HDL cholesterol.

“Different letters (a-c) indicate statistical differences as determined by ANOVA (P<0.05).

Table 4. Relative organ weight of high fat diet-fed C57BL/6J 3 3.4+0.23%% HFCx | 3.8+0.41%% 0} 4% A7}t

mice (%) ihebkAR 5016 Aol BT egteh FrHol ¥
Groups” Rebtivs omgan, ol 28 AgEAel $A 24 ARNE Fa4 Fol2)
Liver : Epididymal fat HFCS] EAA So4e 8ola 2= glolr}
NC 3.1£0.12% 1.3£0.13°
HFC 3.8+041° 2.8+0.65" ) )
WK3 3.540.36™ 2.740.39" b =E|o| Ha|xZlety i
Combined LAB 3.4+£0.23" 2.6+0.42° 27 Al A - 22S HEE 48 £ 4000 £
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group; WK3, Lactobacillus casei WK3; Combined LAB, WK3 SR AL E ukO. A2 5 o alal A= 5
mixed with Enterococcus faecium WKS5, Bifidobacterium lon- AABALE R = Lkl HEC—T‘:L“ NC—‘EOH# 13 A1 ELZ]T]
_gum WK, and Lactobacillus plantarum K-1. s sRkske AR BEI AEd U] Fxs
‘)?e)l]a;ivleo grgan weight (%)=[Organ weights (g)/ Body weight (cytoplasmic vacuolation)E EHHs}= 2|9 A (fatty de-
g : . -
Difterent letters (a,b) indicate statistical differences as deter- generation)o] ¥#ZEUTh T} oo T A WA
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W3 0 AR ZA0) 9SS BAY & AT
WY 53
677k Fol & 2 W Rud gzl A HDng XWEE 27|
A BE $ng

Fg. 1. Effects of lactic acid bacteria on liver tissue
in high fat diet-fed C57BL/6J mice (magnifica-
tion; 400 X). NC, normal diet control group; HFC,
high fat diet control group, WK3, Lactobacillus
casei WK3; Combined LAB, WK3 mixed with
Enterococcus faecium WKS, Bifidobacterium lon-
gum WK, and Lactobacillus plantarum K-1.
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Table 5. The size of adipocytes in epididymal adipose tissues
of high fat diet-fed C57BL/6J mice (uM)

Groups” Size of adipocyte
NC 8.6+2.17%
HFC 19.342.65°
WK3 15.0£2 36"
Combined LAB 13.842.50°

1)NC, normal diet control group, HFC, high fat diet control
group, WK3, Lactobacillus casei WK3; Combined LAB, WK3
mixed with Enterococcus faecium WKS, Bifidobacterium lon-
gum WK, and Lactobacillus plantarum K-1.

IDifferent letters (a-c) indicate statistical differences as deter-
mined by ANOVA (P<0.05).
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Fig. 2. Effects of lactic acid bacteria on size of
epididymal white adipose tissue in high fat diet-fed
C57BL/6J mice. Section of epididymal adipose tis-
sue stained with hematoxylin and eosin are shown
(magnification; 100X). NC, normal diet control
group; HFC, high fat diet control group, WK3,
Lactobacillus casei WK3; Combined LAB, WK3
mixed with Enterococcus faecium WKS, Bifido-
bacterium longum WK, and Lactobacillus planta-
rum K-1.
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