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The Effect of the Probiotics Mixture of Bifidobacterium Animalis ssp. Lactis
and Lactobacillus rhamnosus on Obesity in High-Fat Diet-Induced Mice
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Abstract

The prevalence of obesity is steadily growing worldwide, causing several severe complications, including type 2 dia-
betes and cardiovascular diseases. With the importance of preventive approaches to obesity, related nutraceuticals
and compounds are developing. Probiotics are attracting attention as a substance that is effective against obesity.
Among the probiotics, Lactobacillus rhamnosus 1L.b102 and Bifidobacterium animalis ssp. Bf141 individually has the
effect of preventing metabolic syndrome, including anti-obesity. Therefore, we examined the effect of a mixture of
Lactobacillus rhamnosus 1Lb102 and Bifidobacterium animalis ssp. Bf141. The mixture of Lactobacillus rhamnosus
Lb102 (Lb102) and Bifidobacterium animalis ssp. Bfl141 (Bf141) was administered to a high-fat diet (HFD, 60%
kecal from fat)-induced obese mice for eight weeks. The probiotics mixture did not alter body weight, feed intake,
and body adiposity, meaning the rescue of obesity was ineffective. Furthermore, there was no difference in the liver
weight, which is the center of lipid synthesis. In addition, the probiotics mixture did not modify fecal lipid content,
an indicator of lipid digestion and absorption. Serum triglycerides and total cholesterol levels also remained
unchanged. In conclusion, these results imply that the probiotics mixture of Lb102 and Bf141 had no anti-obesity

outcome in HFD-induced obese mice.
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5 &4, 40y A 5 4% ANBAE Ve 1E

P
=
o]} WAl 713 Q) TH(National Health Insurance Service,
2018). &Al d8] AMEHI = MW XEA= HER
(phentermine), 27} H(lorcaserin), 2 2] 2~E}E (orlistat) 5
o] hEA ], AFe &5l E BTt T, EUNE, &
ok, AAL 5 OhFEE FERgo] BAEN QU o2 g
oFF o] 218 Haslel o e vk X855 9% AEY
Al AA7SAaA wa B 83t ArF Sk Aol
o AR A715AEF =S A R 5 A A Al
A7ra A857F AR E AE 7k Ak 191(30%)

2 ZA}E )t (Ministry of Food and
< 50 TEulo] QE XA A , 59 % EaA
A7 ] STte A7 AF L EA O] A o]
7Z43t=] 3L At} Pubmedoll A “probiotics’Z A28 A} 2
w 109(2001-2021F)7F 3%+ 7 o4, 20200 -8 H A7k
A 7 A o] =Re] HRHe 5 BA AgvF St
FAlolth, ZEuto] QEl 29 QIFH 7T AL

rug Safety, 2014).
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e 2 71 54249149, 20199 71&
6,444 902 oF 18% w5ttt A AF o oFEAd
Aol AFE AA i £ FE ZZupo] QA
YR+ Lactobacillus gasseri BNR173} Lactobacillus =3+
E HY7601+KY1032 5 7FAelth. Lactobacillus gasseri
BNR172 L&F8hz 2] o] 2 H|gho] fi® vk off A
Arstel AAE AR S AAANA AAREFES A HT
(Kang et al., 2013). Lactobacillus &3 HY7601+KY1032
2 SR EofA] s Bl 55k 5 2 A2 o]
2 H|vto] fEE w20 7H ) AtstE S3AA A
AWt a3 7F AATHPark et al, 2013). o|AH AT
HEE S AAL T4 Sde ASHCE HIEL Q)
= Agolm zZRulo] Q Bl A} A RLe] Aol F7t
ghell el #E AT vS Sdeld 0w ddEn
Q7kel A Yol 1002 o)) iAol EA)5HH, o
= 7ok sk QAo viHE-s, tiAkERd, g2,
242 Foll 9FE = 4 AUTHButel, 2014; Freedman et
al,, 2018). FUAlFS Fold3) Falldez EREH, &
ARHCZ falato] 9191 A9 v Tl 5 Ak
T 3y Qo] FUbshH, Wi R fro]+to] A4 ske 7
T HgzHo| G A w8l TAHASE 7%
Th(Kechagia et al., 2013). F-AkF2 tEZ Q] ] Fo+F
o &3l 53| Lactobacillus 2 Bifidobacterium <5(genus)
o] AtEF A B3t v BAET & S,
Lactobacillus  brevis SBC8803 Al<t A (heat-killed)$! hk-
SBC8803S H=olA FoIgh A, acyl-ghrelin 4] =4
< 33 A& ™33 th(Saito et al.,, 2019). K8k H|TH
wk-e-20 Al Lactobacillus rhamnosus GGE 13F7F 73+
Fost A3, AYALE F38h= oft Xy €z AMPK
o] B3tE I AEA 1A F ded Wz o] R
SITHKiIm et al., 2013). Lactobacillus rhamnosus Lb102<}
Bifidobacterium animalis ssp. lactis Bf141E Y] qto] f &
B ouhe2oA N Foigh A, T AR EEelA Al
2 AR ko] 7448} THLe Barz et al., 2019). w2hA]
A= T a3t B2 E Lactobacillus rhamnosus
Lb102 2 Bifidobacterium animalis ssp. lactis Bf1412]
Tl AA Hadd X 2HE HSea

sttt
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FHrol ARESATE EFAES SA Az Ak
A4+ Bifidobacterium animalis ssp. lactis Bf141 (50%),
Lactobacillus rhamnosus 1b102 (35%)9} F3 A maltodextrin
(15%)ys st Azt Efakte] dvid e
ElE 34.2%, A 39.1%, AW 3% 71 7
AR FAEH o, Y5 JHlE Bastitt A7
A7, EFFAE 1.0%10° cfud] BTE

o] AFEET(1.0%10° cfu)ol] T FAak
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FAE 259 1298 &2
A ¥ 0](60% kcal from fat; Doo-
Yeol Biotech, Seoul, Korea)2} 3 EFFAtAS s =EH=E
tfd Rt AP IA A o] SR, &
SHeAE A B EQ2.5x10%cf), EFAH ALF
cfuE AAlEAT 2E 432 sty dPFEY
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Hooith. FABHAGS EFAAE ) Lol g
2 mEsle] 837 AR AT, ETHAE A 9%
o] £3-< A4

M= =4A{(DEXA)

o]l Al WAL F4AZ7](DEXA, Medikors, Seong-
nam-si, Gyeonggi-do, Korea)& AF8-3to] AA W, A|A
UL, AlFE 55 AU ol f8 6r17 T
2A) 813, Ketamine (Yuhan, Seoul, Korea, 100 mg/kg bw)
3} Xylazine (Bayer Korea, Seoul, Korea, 10 mg/kg bw)Z
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25 K&

3 (Serum) W F5A R W (triglyceride)¥} 8| 2H]
Z-(total cholesterol)2 Y4 7]E(Asan Pharm, Seoul,
Korea)E ©|-&3te] SAsAh SAAL 7|ES] SAA
W8 Ak FHS WHSAIA 3B =7 (BioTek,
Winooski, VT, USA)Z &3% 550 nmollA] =430} &
FH 2 EE 9o 22 BAF g Ao R FYIHE
S48 AoFS EHF 3 AA FEE 500 nmollA S8

sttt

A Fe BHN) A3 EFHAE AT T 075
870l A3 MOl Folehd & A\ ako] MUl Aake

S 3l9 tH(Folch et al, 1957). ¥ 42 Homogenizer
(IKA Works, Inc., Staufen, Germany)Z 21| 3}3., 500 mg
< chloroform: methanol (2:1, v/v) & S5mLol| Y3 4
2ol 3027 WESAIZ T o] F AR F o] &al d&
Al 0.74% (w/v) potassium chloride 8 mLE =313t
A2 A Y. S (Polar) 35H S AAT & Aiw
7I(N-EVAP, Organomation, Berlin, MA, USA)E o]&
H]=J (non-polar) 3154 <] chloroforme- 3| A7 =
W (crude lipid) &3-S 43t

DO T )

RE A@A A= FdREQLAKSER A ST FA
E24]2 PRISM 9 (GraphPad Software, San Diego, CA,
USA)S AHE-8ISITE BAA frold2 i dulA] 4t
A (ANOVA) F-test® AF3IA2H, 25 7+ frol%

°]&
o2

P

%717 (multiple comparison) *H
28 p-value < 0.05 Q1 4% FA

B o
:lo _O|L ok,
1o 2 rlo

ERHAFE §7 Tl B AT, ABHAL, F

[e) R

Az EF-HAME Folol WE A5 F93
AFE A AT AT T8, AL, 25, FH 52 F
sk 7 AA] FACl7] wiEel, AlFe] ¥y AR e
Wl vlE2 SX| A= &E=THFlegal et al, 2009). ¥

2 AFLEHATE AL gt
21 A9 AR o] tigk daxzdo® A HA 3
THGallagher et al., 2000). ¥ AFoA AL&-3 A3 5
Sk Lb1029} Bf1418 A -3} 32] 0] 2(65% keal from
fat, 17.9% kcal from carbohydrate)d] 7+ f-=3F np-g-2=of
Al 877k N FAg A3, fakt A BFOlA Als
I FAFe] FolH o R i o ol AR AR

(energy expenditure)Z 7ol &3+ ddo 7 T ZEATHLe

-—

-

Barz et al, 2019). AFEAIFH FS 2] L (appetite) =7
dste] Fas g2 82 F U=l (Ellacott et al.,
2010), ¥ A= AF 717 T EFFAE Tl
o] FFLA FUth. olH 3 A= Lbl1029} Bfl4le
NE Fodgt A AFdXE sd3hA 2ad v ok
(Le Barz et al, 2019). 23717 FHALES kst 2
%, EFATY Tl wet TAHHEZ] S A
< BAt 53], EiA IEE 259 AS FAA
Aol 12% F7HFAEH (p<0.01), ol E3-4atd &
o] Z3E S (lactose) 5 72 FEo] Frr=EEA &
gt Ao = wekeE ) v Rk $kxe] A9 v YA SR 7
(non-alcoholic fatty liver disease), 2% & Z(dyslipidemia)

5 7 W A& (lipid homeostasis) nLgHo] H1H 3]
WA SH(McCullough, 2004; Diehl & Day, 2017)° w2}
xAe] FAE ST 2 A Ak FoE
2 7F 2A 9] BA Wel= #EER] &UTH(p=0.50).
gatd, 4 £49 FaAEQ] AT, AARHHE, 1
Ae EFFAE Foddd FEFA] ko, FAHE
A W AT Gl wet F1ske Eelst

Mo 24 (DEXA)
TAA ] Ao WstE £ 8] st A 4
7] DEXAE ©|83l AR " (fat in tissue, %), A= (lean

Table 1. Growth performance in mice given different diets for eight weeks

High-fat diet (60% kcal from fat)

Group
HFD Low (2.5x10%) High (10.0x10°)
Body weight (g) 31.2+0.82 32.6+0.69 31.3+£0.60
Total feed intake (g) 115.3+2.88 117.6+0.68 115.7+1.35
Total energy intake (kcal) 600.8+14.99*° 630.5+£3.52 ¢ 674.4+7.03°
Liver weight (mg) 839.2+79.55 933.3+28.95 816.7+76.55

Data are expressed as mean+SE of the mean (n = 12)

*bSignificant differences were analyzed by one-way ANOVA with Tukey’s multiple comparisons between groups (p<0.01)
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mass, g), :’E_'—‘?zlln:_(bone mineral density, g/cm®)E& 543
] A3, AR gl b2 AR
$SkTHFig. 1A). ol&|g Aol de] dF-
A8 Ao A= Lactobacillus ¥ Bifidobacterium Zr(genus)
o AAY 74 &3t v Bad bk itk A& =
A A o)l BIRES § =3 wh-2ol A Bifidobacterium
longum P110& H3 & W%}, Bifidobacterium animalis
subsp. lactis LA8049]r Lactobacillus gasseri LA806S &
g FAdE o BT FostA Fast AW (epididymal
fat)©] ZJ@;&E}(Alard et al., 2021). F=gh H]TE XA
Lactobacillus rhamnosus CGMCC1.37245 FI3F A3} 9
okt tiH] 9l AAY A a3E H I th(Sanchez
et al., 2014). 28|32 IA -G 2o|Z H|THS =3
ul-e-2o A 857r Bifidobacterium animalis subsp.& H
g A3 AA o] HAsHATHHuo et al, 2020). sHARE,
Ao AFEE E3HAHF(B141 + Lb102)S ©]-&3)
HRE A= gIlon, & A A3 IA A o] f = H]
nhg-2aof| A 332k (BfI41 + Lb102)2] 3+ A= 7+
e ZOE UERTE Y3 ZEHpo|QEAE
AR AP Ao = HIRMFEE flaf IA-5L
2]0](65% kcal from fat, 17.9% kcal from sucrose)E ©]
St HollAM, ZAW(60% kecal from fat)E ©]83H £
Aok zpolxde] ATk 538 ago] 7k ]““é“é
(hepatic de novo lipogenesis)= “J& 314 f-E=3the= H
A, Bfl413 Lb102= 7+ A AEE AAIFe =M ﬂl?ﬂ
WA a3E Bl ZoR fFgEUth 35 v YIS
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IA A o] 2 HIRES FE=3 vk 2o A Bifidobacterium
animalis ssp. lactis 4202 657 F993 A= A A
Wkl fofrst Ml BEE A 29k th(Stenman et
al, 2014). 28402 EF-FAHF(B141 + Lb102)> 1A
Walo]f = BNk ko] AX ) 9 FEko] JES v

A1) ehgke.

o9l 85 X 24
Y Fgwe 3u A AAHE 7 0] EEGAAIA

(gluconeogenesis)ll ] 3l 73}45]% AFEM, H|Rr A2Y
Ltﬁ«] FE52AA d<& A 34 (insulin resistance)<]
2 Z-8 ¥ UHHatting et al., 2018). 6A17F 32 & I
= 35_ A, 2t AP Atolol] Fe] 2l xfo]
UeRHA] ekth(Fig. 2A). olei g &3} G, ikt
A2y Pyl vXE a3E B4 5_ H B} T (meta-
analysis)olA & 2t F9] A T8 &) 11.27 mg/dL
wasleE A2 YESTHHu et al, 2017) T3S, strepto-
zotocin®. 2 =7t F&E Aol Lactobacillus rhamnosus
BSL3} Lactobacillus rhamnosus R23S 3097 Z4F+5Fo 3
F Ay, F=FAIATAd o) Fsl= glucose-6-phosphatase
o] wo] Yolx|a, 38 o] 74 = A (Farida et
al., 2020). Z12]aL Y414 FiH (Gestational diabetes)S 7}
7 AAdoNA Bifidobacterium®t LactobacillusE 593 A
T A, 38 o] 743 th(Kijmanawat et al.,
2019). o|AH dHF- H%Oﬂ%ﬂ* = frat 7ol g ¥

o }:l:l

_O,ﬂllﬂloﬂ,i,o

=2 O
AR 2 Aol Hae. & o 2z 37

] ¥F7H(non-alcoholic fatty liver disease) &S ©]-&3}o] i
e 2aE ASdhd By o 71 ol WA o] I HI gk w20l A EHRAkE(Bf141 + Lb102)l
Fed 2o BoET), oI g A AN B Sk
ARl FUE 24 AR E BT Folol B AADAD L oAAD ABAo) BE oA AAZ
2 fFofust Apole #AER] dkthFig. 1B, 10). ©1¢F o F8 ARRE FAANAL FH2HE £/ dHA 9l
SR Wi BMI 335 kgm'e] MR oA 2092 B ok 8% 4443 3RA2HSS 249 A%, 24
sl 3/ML7y fAbd 4% (Lactobacillus  acidophilus, 23 EFAtt FoF Atelddl fefvg zole
Bifidobacterium lactis, Bifidobacterium longum, and Bifido- EFLER] &9k TH(Fig. 2B, 2C). ©|9} FL&lA|, 2R -3
bacterium bifidumyS ATt A3, AR W LA K 2o 2 H|ThE FE=3 rh-2oAl Bfi419} Lb102< 7
ofm]gh Ajol 7k LyERbA ebiThSergeey et al, 2020). @ A, BF FHALH 22 E BT Aol7}
A B Cc
< 40 _ 24 2 i
S 5 : 0.12
g 30y @ 18 T ~ 0.09
7] © c E
2 20t € 12t g‘\; 0.06}
c c £3
= 100 S 6f 5 003
© |
. 8
m 0.00

0 Control Low High

0 Control Low High

Control Low High

Fig. 1. Body composition in mice given different diets for eight weeks. (A) fat in tissue (%), (B) lean mass (g), and (C) bone mineral
density (g/cm?). Data are expressed as meantSE of the mean (n = 12); Significant differences were analyzed by one-way ANOVA.
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Fig. 2. Blood biochemistry markers in mice given different diets for eight weeks. (A) fasting glucose (mg/dL), (B) triglyceride (mg/
dL), and (C) total cholesterol (mg/dL). Data are expressed as meantSE of the mean (n = 12); Significant differences were analyzed by one-

way ANOVA.
S|
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S
o 1
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Control Low High

Fig. 3. Fecal lipid content in mice given different diets for eight
weeks. Data are expressed as meantSE of the mean (n = 12);
Significant differences were analyzed by one-way ANOVA.

UER}A] e59th(Le Barz et al., 2019). X HH2]o] 2 H]
TS F=3t w2 Al fAbt Bifidobacterium animalis
g AFME dF FAALH
A= WslelA] 2 THHuo et al., 2020).
Lactobacillus plantarum K505 LA W2 o] H]
RF ek 2o A Feigt A, dF AL HDL 249
2HE F£A7F 25 WA= A Joung et al., 2021). E3H
JA Aol BRES =g v A Lactobacillus
rhamnosus LRa05E F38F AFM = dZ AW
2 FTEFH2EE FAVE FYHCE HAHATKSun et

subsp. lactis A6S =
FEUzHE
=] as;]

T,

al., 2020). 3AF, & AFol|A] ARGE EFFATEES AL
&3 A8 dFe e, B A A EfAkt
(Bf141 + Lb102)°l ¢jgt €9 ¢ &5 A& A% /MH
YRR 23t
=9 W XA ek

) AE 2 A3 O Ae] &gl 9 &5
AZE XA, ol JllFd 9 gake wett A
Ho| 2o R FHA Ra FHOE wiEEH Ao
Ad FFE A Y 234 B 4 o, gEAt
o] S X3 EF %EﬂéEﬂ§ THE N F Ut
(de la Cuesta-Zuluaga et al., 2018). A WF2]o]f- = H]t
220 A EHr Akt ’T‘o:] 7F AW A At 2 S

&l PA= G TA 5] I8l 85 E¥S et
A S S8 thFig. 3). w4 A3, iz &%
A Tl Aloldl] B U] X" ghake] 2ol By
A S HFig. 3). Q¥ ATl mEH, TR o=
HIRES =8t vh-2olAl -4kt Lactobacillus plantarum
K50& wofeh ddwollA thxatel vis) £ W ©fA]

12 F(short-chain fatty acid)®] o] =4 Uygor, o=
2dste GRAlFEe 1d48ES g SchJoung et al,

RESENA

2021). =3 $AHOR P} S KKA(y) SRR
A Attt Lactobacillus gasseri NTE sk A3, 7

W SR kol i i W«W o= #=A e
TH(Yonejima et al., 2013). kA TH E AFoA ARG &
oA FS 0] L3 MIPAJTE= H}\}}\OU:] B A
B8 A3 EF-AHEBA41 + Lbl102) Folol ¢

2l A g W B L.

=

oF
=

1]

olel An=E At 2% (Bifidobacterium

animalis ssp. Lactis Bf1419} Lactobacillus rhamnosus

S8k, ST

Lb102)e] A= ZAY o] = 1‘4 ol ety P e
AAL, AAE, FEE 5 T8 AR TS 4 &
Ut EEFATE 28 2F ?ZNJ% 3 &4 Ats
AFAFIE FeFe FX e, 7+ 24 FANE o
kS mX]A] Fodt) lEAA T I TG o] F
2 AxQl yEYGH T3 E3ata Fool 9] Mgt
SHA] kth 3 Ehalae AEAAsle] X F 7 AL
f5e 85 AT 2 F FY2EHS IdFS FX
etom AU Awre] A3t P FFEAME G T
A &gt AEA o2, YA WA ol f 5 BIRE nle-AE
o]-g3lo] Eg4HF(Bf141 + Lb102)] 9| vh A2 g4
S A= 43, §ov)d B84, gAE 238 A
ASHA &), A, =5 /1 B st &5
A9 22 ATE AAst AR Y 53
2 A= "o Aol It}
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