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Abstract: In order to screen the lactic acid bacteria that can relieve the metabolic syndrome, a mouse model with metabolic syndrome was
established using high-fat and high-fructose diet. The body weight, serum lipid levels, inflammatory factors, and insulin resistance index were
detected to evaluate the effects of six strains of Lactobacillus on improving metabolic syndrome. The results of APICHL50 sugar fermentation
and 16S rDNA partial sequence alignment results showed that six strains of Lactobacillus were identified as Lactobacillus plantarum.
Furthermore, compared with the model group, all the strains could reduce body weight, regulate lipid disorders, down-regulate inflammation
levels, improve insulin resistance. However, there were obvious differences in the functions among six strains. Our results indicated that L.
plantarum S9 could obviously improve the insulin resistance index (29.26%), markedly decrease TC (13.22%), TG (9.97%), LDL-C (21.31%)
and FFA (32.33%) levels and increase HDL-C (15.91%) in serum. Moreover, L. plantarum S9 could significantly decline the inflammatory
factor levels in serum (IL-15 12.03%, TNF-a 20.46%, IL-6 15.90%, CRP 37.28%, LPS 10.01%). Therefore, all above results imply that L.
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plantarum S9 can be used as a potential functional strain for the prevention and treatment of metabolic syndrome.
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FAPURMET . — 2RI, FEIRRE N R,
RS B B R BB N ARG  Ifyfs J i 2 A
MK A W™, et m etk m], AR 2
B PRFUAT TR R R DA B R AR 1) 7 R s S
MACHPERD . BhAh, BT ERFATE . R2REAAT
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1 HRSES

1.1 #xit

MRS WAL FRE L. 4FE 10.0 g/L, AR
100 g/L, BEERRZHY 5.0 gL, T/KZEAN 5.0 gL,
K,HPO,2.0 g/L, FFEIREN 5.0 gL, MgS0, 0.2 /L,
MnS040.05 g/L, Mi-80 1.0 mL/L, #i%i#% 20.0 g/L,
Jn7KZE 1000 mL, i pH=6.6, 115 ‘CK 15 min. MRS
[ A FR IR 9% MRS B FREE N 20.0
g/L Biflg, 115 ‘CK 15 min, &I T

1.2 U8 5 Al

SE[E ¥ (Total cholesterol, TC). H i =g

(Triglyceride, TG). fm# FEMGHE 1 (High density
lipoprotein, HDL-C). K% E & (Low density
lipoprotein, LDL-C) M550 T 5 mt i AP
ARAHE; MIEIAFERF-a (Tumor necrosis factor-a,
TNF-a). E4ffI/r&-18 (nterleukin-18, IL-18). H
4l %-6 linterleukin-6, IL-6). &2 (Insulin,
INS). B fMifR (Free fatty acids, FFA). C-[xM 4K
1 ( C-Reactive Protein , CRP ) . JI§ £ ¥

(Lipopolysaccharides, LPS) 71 & b Tk
VR R A RS EEAFER (Bicinchoninic
acid, BCA) & Tt 5 [ B B A H A AR
Nl FEREPRLAT R (83 3%AEAAk+10% 5
TH+3% 1H [F B +3% D BE+0.5% A JIE R B+0.2% A &
TR mEE, YRR A0 HKETLEsL s
ARERTELA AR

MLS-3780 A5 251 K%, HA Sanyo Awl;

HZQ-Q B EIREF-AE, i —HIR R A IRA
7l; 705 ALBGIRVKA, J2HE Thermo Electron A ] ;
Sorvall Evolotion RC 7 s /A4 25001, 32 [E Thermo
ol FEAIMAEL, #8E Roche ZWiAPRA A
ELx800 4 HEEEIRX, 32 BioTek A,

1.3 W m s EE

RERIREE TR WG RE&S
REFE e 6 47, MBS LR k. BLS ¢
IRFE S AN 45 mL K i PBS 2201 (pH 7.0)
S, W HIEER RS AR, 1R 3 AN E 1
FEAEEIFHRI 100 pL FRSBIRAT T MRS 3P4,
37 ‘CH;F% 48~72 ho HRHUTAR - FUAT B HL AY i v R
SR H 2R G R AL S BREVE, 4k8E MRS
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BRI RN L 7 2 B R G RN, TR RRAE S 30%

VIv) HilE MRS 3577541-80 CRAF. H5r4EH)
PRARIEAT S22 Rt Bk AR TR
WMo KR8 % RFUAT R PR EAT 16S 1DNA J7
FIorH Al APL %5, FFLA S A .

B B U R B A AP R 58 R A4
AFE]H) APL 50 CHL AT 04, BAfiEdiES
Rk FUS ) SLI6 I T, S BRI R s SR 4
A2 20 58 AL AR A B A R A SR A R

16S rDNA A I LLxt . KA CTAB #£#HL
JLPHZH DNA, FIFH Yoon!™ 5 N #1H19514 (16sF:
5-AGAGTTTGATCCTGGCTCAG-3' ,  16sR
5-AGAAAGGAGGTGATCCAGC-3") #47 PCR ¥4,
P& )G, 5 GenBank A VAP A B L
BLAST [EJJEMH:LEX 7387, LA 16S tDNA 741 [RIYEPHECK
T 99%) #iEME, FIH MEGA 4.0 B4+ K
Neighbor-Joining /ARG K F W -

L4 BARE R AR %

6 MRAED AT BEAAFRAR 7 MIAE MRS W77
S ESEA 3 UG, 3% (V) HILLBIE N
MRS H:755E, 37 CHEREFE 16 h, B5.02(4000 r/min,
4°C, 10min), 7 FiF, BT KEE KD
B2 W%, B0 (4000 t/min, 4 °C, 10 min), KpEAH
ERIK R EE VR 1.0%10° cfu/mL, 4 CLR-AF % H .

1.5 Lahsh s foak gty

TEVE S ICR HEMEAERTINGR 100 R, 7 JES, AR
3540 g, WTKEMTCHLRENIEAFIRAF,
AP S : SCXK()-2011-0004. & 4AFE 1
JE G BEALIEER 10 HOAXHHRLE 25 T St iaRl A B ek
R4k, & Tas T mlReAn 10% 550K,
B2 8 AR RS S EBAL . FELCIANE, &2 A
BUARF R, IS 12 h 5 EER KR &2 i
K (FBG). EMLEWGE, MREEEASEK 12 h G
KB E ML S (TC. TG. LDL-C Al HDL-C).
ZHEIMFE (FBG) MRS ZE (INS) /K, MAEARK
TR RHCHIE S (HOMA-IR) =(INSXFBG/22.5,
AR I/NR IR R E: LLUF =0Ebs (1D AR
SR EA TR R 20%; 8% (2) M RRHK T &
EFh, HDL-C AKFRERL 80 (3) BRI
AR m TR, e R =T R
R CE BRI BRI . IR BCR BRI/ 70
BN A 7 4, 410 2, R4 (1 4D
AHEMFATEA (3t 6 4D, FrgksianEm gtk
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10%HHK . AEPIFLAT B AR L 12 mlkg (772
VEE B TR R VI, X R 2RSSR 40 25 T 4 R] (1) 28 TRK
Frgk 6 il (B8 9~14 Ji). RIRBEWRHES 12h )5, MEE
BN, BRERERUAL, 250> (3000 r/min, 4 'C, 10 min),
W IMIE R .

1.6 i v A o 38 A

118 ELISA A5 & #EN 2 MLABFE R (TC. TG.
HDL-C. LDL-C. FFA), IfiLi& #&AEFESR (TNF-a. IL-6+
IL-18. CRP F1LPS) AlINS 7KF-

1.7 St

{8 SPSS 23.0 #1151 [K 3275 22 3 BT CANOVA )

SR LU % A ST et ) S B, BRI IR Jyxts, DA

p HERGIHFESR . SEBEANE, #E2RE#H

(p<0.05), ##ZEFMERZE (p<0.01); SXTHRZALLE,
FEFRE (p<0.05), **EFREE (p<0.0D).

2 ZR5WH

2.1 WHhE B HERE

=1 ERRIERAFHE
Table 1 Colony characteristics of the L. plantarum strain

h4%

- R ; :
MK R %9
Hk /mm oA e AL & Al AR
$2-5 21 EFLER gk AN KR &Y
S38 20 BEHLE kE AL KiF REW
S39 22 EFSGAE e AN AR REW
S9 19 BEBLL i AN kE REN
Cll 21 E#&LE L& AN kE REW
P3-18 20 EXDE KE AN RE EN
72 1 L. plantarum C88
47| L. plantarum P3-18
59 L. plantarum S39
L. plantarum S38
100 |“L. plantarum C11
L. plantarum S2-5
84 63 L. plantarum L12
L. plantarum S9
| L. brevis ATCC 14687
1001 L. brevis gpa7
I L. casei ATCC 393
100 |_| L. rhamnosus AF3G
99'L. rhamnosus PRS2

L. fer CECT 562
0.01
1 EF 165 rDNA BEFFINRG 4 BN
Fig.1 Phylogenetic tree based on 16S rDNA gene sequence
M6 e B 23 BRETIE IR, VA LE MRS
IR IR AR L RVE RIS 1 R, 23 BRI
= RGO, BMEIE EEAPR, H0, i Y]
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P, VP AT, Wbk & IR AT

MBS R HIEEL 6 A [FIRIR AN TR A
F API 50 CHL 25T /4852 . #4 AP KBS R
55 APT 48 FE A BRI AT LU R, B B 6
PRI AEM AN (L. plantarum) .

PN FAF RN 6 BRALFF B 16S tDNA JFHIE &
5 NCBI £ 16S rDNA 741347 BLAST [FIJE T
ext, g5 SR 6 PRFLFT B35 S HE A FLAT B [RIVE A

MH916634.1) EHRIEFE—mnC b, BA RN
gt FIRGER, 6 PRI R L e NEY I E (L.

plantarum).
22 BRI S AE A BUKR B 8B

R 2R2 6 MRANFIREMHE B Ja /AR B AR L1
Ulo GERRM, (EGEHETHGEE 8 D I, HHEAIALSS
FUMF R AN S R E 2 B2 . 26 10~14 4,

99%LL Fo FEIAFTHINT 6 PRI BT8R 2 1) FAF RN R R 2 TS, JHRT R,
SR EWWE 1 PR, ATLLE oy AR 6 #RFLAT Frp#EE S9. S2-5 Al C11 BBRA/IN A4 BT 2 T P A
S5 AAN W L plantarum C88 ( Genebank : T, AR 17.36%. 11.61%- 14.21%, A SE .
GU290217.1 ) A1 L. plantarum L12 ( Genebank :
R 2 FRIEMRIHCSERAIE R RERIFD
Table 2 Effects of L. plantarum strains on body weight in mice with metabolic syndrome

ikl % 8 %10 7 #1278 % 14
P 41.36+4.91" 42.10+4.05™ 43 .88+4.69™ 46.21+4.83"
AR 51.82+7.65" 56.04+7.83" 57.32+6.87" 57.6245.18"
S2-5 50.80+3.00 50.41+3.10" 50.53+3.30 50.93+3.76"
S$38 50.70+2.17 49.65+3.96" 49.69+5.81" 51.03+4.80
S$39 52.67+6.39 51.15+6.02 50.70+4.34 51.20+4.74
S9 51.03+5.12 47.85+4.20™ 47.70+4.31" 47.62+4.10™
Cll 49.97+1.74 49.13+3.31" 49.04+3.47" 49.43+2.98"
P3-18 51.36+5.23 53.00+5.19 51.76+4.13 53.71%5.01
E: HAERAIE, #£F 2 F (p<0.05), #EFHEE (p<0.01); HATRBLAE, *£F 2F (p<0.05), ** £ FMHIF (p<0.01).
TAFR.
% 3 TRIEMIHCSLRETE /N R M ASK A5
Table 3 Effects of L. plantarum strains on blood lipid levels in mice with metabolic syndrome
205 TC/(mmol/L) TG/(mmol/L) HDL-/(mmol/L)  LDL-/(mmol/L) FFA/(umol/L)
B8 13.69+1.10 3.07+0.47 28.57+2.49% 0.45+0.15 448.88+32.33%
AR 16.64+1.21" 3.71+£0.04 21.74+2.97" 0.61+0.25" 549.86+27.40"
S2-5 14.24+1.62" 4.07+0.43 21.58+3.81" 0.78+0.60 476.21+33.69
S38 15.37+2.19 4.02+1.13 23.57+3.48 0.92+0.82 493.55+19.01
S$39 15.612.14 4.34+0.03 23.68+2.00 1.29+0.41 390.55+30.78"
S9 14.44+1.01* 3.34+0.48" 25.20+3.82" 0.48+0.31% 372.11£19.54%
Cll 17.37+3.50 3.73+0.47 23.71+4.32 0.60+0.27 559.49+16.92
P3-18 21.62+1.62 3.02+0.38" 22.48+3 .88 0.50+0.33" 468.96+15.03"
23 EAR A s AE /N B AR B ZEE /N B AR AR 25 AL T R BN R

rei B AR R B 5 S AU SR S AR R
FESEIR AR, FEHRMIFURTE S9, XSG MLAG - H
AHRRCR . SHEMAMLL, AR S9 7]

M 3 ATLLVE L, SR, HEHk SO RER
FHOCE AR A AR /N B P i 2L DL, e TC

T 13.22% TG FFET 9.97%. LDL-C Rl T
21.31%. FFA %7 32.33%. HDL-C 7175 7 15.91%,
ZRBAGERE L (p<0.05 B8 p<0.01), ¥iH] S9 7E
3 FFA /KF LR 1#0m; 5B RZAELL, 124
MRIEREE, XUHEYFATE SO TEk R

BERARIMTE TC. LDL-C. TG MK, SFEiES
HDL-C [f17K°F. Rather A1 7 KBS, & 25 LK
IS 8 AN R PR IR I B 15 21 C57BL/6 /)
FRUMJE TC A1 LDL-C, X 5A IR0 74t FAifl. —
SeR AR IESE, PR B oG m IR/ SR R S AR
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24 B S A BRI R AT

B

HI% 4 PR, Hbk S9 e FEIRASER A AL

TR AR AN PR s, 45 AR FLAF B LS/07 B4
I 7 I35 B [ B A0 LDL A [ B, 0 R ST A
Biocenol LP96 F&1& 1 H i =51 VLDL, 1 IfiLi& HDL
ISR A i 3 TE BH SR A8 Ak o ASHIF I A 25 SRR REUE BH
T 6 ARHEYIFUAT B TE GBI ZE S 1AL/ R L 7K
SPARAFAEZE S AU AR A B Y B AR 1 FE T
e SHRTBEIEER R 3. BT i ek b s g
S A AT S A S P i ),

A/ BRI H R AERE 71 7KF (IL-18 12.03%+ TNF-a
20.46%. IL-6 15.90%. CRP 37.28%. LPS 10.01%),

SR LA, IL-18. TNF-a. IL-6. CRP [)ZE 553K
BE (p<0.01). UiHHE SO HABREAELE AN
BRI HR 2R KRR . BRItk 4b, S39 4.

S2-5 ZH/IN BRI H ) T LR 28 R PRt HA B 1 B S5 1)
A=

R 4 FRIEMIHCHHLERAIE R IEK TS0
Table 4 Effects of L. plantarum strains on inflammation levels in mice with metabolic syndrome

487 IL-1/3/(pg/mL) TNF-a/(pg/mL) IL-6/(pg/mL) CRP/(ng/mL) LPS/(ew/L)
Popict 76.83+8.31% 223.18+21.47% 84.75+6.37™ 139.43+1.40% 792.13+53.91*
AR 90.00::4.80 371.89+64.18™ 110.30+10.93" 171.44+9.58 928.33+43.38"
S2-5 83.60+2.83 305.79+49.69 87.04+8.90" 154.61+6.91" 908.85+61.95
S$38 88.25+5.73 308.69+58.68" 97.01+13.76 131.18+24.20" 893.27+51.02
S$39 74.50+8.66™ 364.12+45.59 97.35+3.17" 126.43+15.38 872.19+39.24"
S9 79.17£5.01% 295.80+57.10% 92.76+5.98" 107.52+4.80% 835.36+23.76"
Cll 95.00+10.68 352.45+97.80 99.53+32.09 172.27+3.29 775.4+189.43"
P3-18 81.13+2.87" 379.90+38.40 98.51+10.14 117.49+9.06 848.45+75.91%
B B JB b A1 £ Gt T AR 2 =
re R e I TR 5 P ML 1 SO R R AR BT A KR B

ot SR R AR F I F S B IR S, AT Fi 4
FAE TR SIS R IL-1. IL-6 1l TNF-a
WET R AR RA TG ITET AR AR AT 28 Aol
Z (AR RBE AT, AT S SIS REH 52 1E 3 1R A= 38T
Ao Wltl, TNF-off Bh THER RIBARE, CAE
TR s SeI S R R R AR B
JERT NS R —2, AW AR MG S e A/ ECR
R TR 28 AR TR TR P02 . S R RN B 3
F#{% 7 IL-18. TNF-a. IL-6. CRP. LPS Z{Z & 4HjE
T £ . %4, Chon™ & ki 4 S T &
KFCC11689P A ¥ 7 47 1) 8 i 11 1) Jig 22 0 5 = 1)
RAW 264.7 20l 4 IL-6 Al TNF-ao 1T T IL-1+
IL-6 I TNF Bl A B BRI O T PR 72, A
IR 7R T DhREE & S TR PRI . BRAIK 28 RE
AT RE SR I TR MR A SR A AR FH DG . SR,
PP AR AR ) BARHLHIIE 75 2 — P 7.

2.5 HARATRE G B AN BRI R 5 R A

58

Jil 5 AP TR A £ AR B B R hR 2 —
HE 2a AT LA, 284 T4/ B 43 R 59 A I
TR, HEAR/NRPSIERS R EAEES,
Hrh S9 H/NRM RS RIERIKE (p<0.05). 46
JE S 2 IPUIR S (B 2b), Bkk S9 41/ R & = HK
PUBBUEAST HoA w0k, I SERAMEL, iR
HEPTFREER T 29.26% . AT UL, 7E 6 MRAEADFLIT B,
FRITR SO HICE R I B AR R A A

40

o

kk

30F

20

Fasting insulin / (pg/mL)

10

MR AR S2-54H S3841 S3941  S94H  Cli4H P3-184H
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Insulin resistance index

0 MR IR S2-54H S384 S394H  S94 ClI4H P3-184
&2 BB SIERE N NR=ERERE () FREER
Hinde% (b) HIFZN
Fig.2 Effects of L. plantarum strains on fasting insulin

concentration (a) and insulin resistance index (b) in mice with
metabolic syndrome
E: SRR, #EFRE (p<0.05), #HEFMEE
(p<0.01); HafRELarbsr, **£FMEF (p<0.01).
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TEVIFATB . PPN T 6 MRAEAIFLRT T 25 mob e TR
BHEFIARBERSILNE, KD RE A 2 5%,
HA—E R, AT E S9 fERE(K
PRBRE MRS, PR ICAEAR AR TRk
AN JB2 5 SRARPTAE 7 T O AR T oAb sk, 3o
R RAE A T A R EUAR S T BA VR RO I
e
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