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Abstract: The ameliorating effects of Bifidobacterium longum DD98 on high fat diet-induced type 2 diabetes mice and obesity in mice
were investigated. Type 2 diabetes experiments: C57BL/6N mice were randomly divided into four groups (6 rmice per group): the normal chow
group given a normal chow diet; the model control group, Bifidobacterium longum DD98 intervention group, and blank culture medium
intervention group fed a high-fat diet. After four weeks, model mice with diabetes was established using streptozotocin (STZ). The mice were
given the tested samples for 3 weeks, before glucose tolerance test and measurements of various indicators. Compared with the of the model
group and the blank culture medium intervention group, the DD98 intervention group had a significantly decreased fasting blood-glucose (FBG)
(18.66+1.84 mmol/L), along with significantly improved glucose tolerance and reduced serum/liver total cholesterol (TC), triglyceride (TG), and
low-density lipoprotein cholesterol (LDL-C) levels. Obesity experiments: C57BL/6N mice were randomly divided into four groups (6 rmice per
group): the normal chow group given a normal chow diet; the model control group, Bifidobacterium longum DD98 intervention group, blank
culture medium intervention group with a high-fat diet. After five weeks of treatments, various indicators were measured. Compared with the
high-fat diet group and the blank culture medium intervention group, the DD98 group had significantly lowered fasting body weight
(20.89+2.51 g) and serum/liver TC, TG and LDL-C levels with significantly reduced fat accumulation in the liver. Therefore, Bifidobacterium
longum DD98 could effectively ameliorate the symptoms of type 2 diabetes and obesity, and further alleviate dyslipidemia caused by type 2
diabetes and obesity, and liver injury caused by obesity.
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AEEANES K 15 h, BEEIZH/NER 3% 100 mg/kg R
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Table 1 Body weight change in type 2 diabetic mice fed a high-fat diet ( x+sd, n=6)
WA AHSRElY AR IwERE R 2wEREQ MR3wERE HiR4wERElg EEEIRE

A 1611+13 17.37+1.36 18.68+1.98 19.92+1.44 20.78+1.62 21.78+0.96
B 16.03+158 18.22+1.98 20.45+2.68" 21.87+1.70" 23.67+1.53" 18.59+2.01"
C 1648144 18.52+1.79 20.98+1.78" 21.91+2.07" 2357+1.75" 18.61+2.38"
D  16.09+2.00 18.02+2.22 21.00+1.66" 22.12+1.37" 23.61+1.89" 18.37+1.86"
v A EFATRLL; B BubBkURsTIR; C: KAUATH DDI8 FHi; D: TEiAFHA. B kTh AMLE
B M £ #(p<0.05).

2 LWRIESEESH 2 BUERREH/ )\ RAYZS S M YE FBG T4k
Table 2 Fasting glucose of type 2 diabetic mice fed a high-fat diet before and after the experiment ( x+sd, n=6)
%) #ALE FBG{A/(mmol/L) 1w /& FBG{&/(mmollL) 2w /& FBG {&a/(mmol/L) 3w /& FBG/(mmol/L)

A 5.95+1.75 5.08+0.92 6.43+1.37 6.06£1.75
B 12.83+1.17" 17.04+1.86" 19.47+2.57" 22.16+1.24""
C 12.65+2.10" 16.57+2.33" 18.46+2.34" 18.66+1.84"
D 12.78+2.25" 16.62+1.78" 19.32+1.88" 23.58+2.88"
E A BRI B: BB kURsTIR4; C: KAUWATH DDI8 FHi; D: FEiAFHA. B kTh ALMLE

R FMH £ F(p<0.05); #k 75 C4tarbh B £ 7+ (p<0.05). & 3 Fl.

212 #HEBEAGTELR I 4 - B[] gl 2878 I R 2 b, JE BN R
FEYE T KSR DD98 7 d #1121 d 43 AT AUC F4J7E 2000~3000 2 [a], i3 5 T 1E 5 0 REZH /N B

g IR, SR WE 1R, GBI 1] AUC, HIGEHH &H 2 AT E 2 7. {H DD98
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Fig.1 Fasting glucose and the area under curve of glucose in
type 2 diabetic mice fed a high-fat diet before and after the

experiment ( x+sd, n=6)

E: B a ARVEATH DDI8 T 7 d B &40 A AE-
B E; B b RKMEAFH DDI8 7 7 d B &40 At E-Bt
B ¥ & T EmARAUCYHE; B ¢ Z-RKAEATH DD T 21 d Af
B R E-0 ;B d R RKBEATH DDI8 T 21 d i
Ag]s R BB 6] wh 4% F @ AR(AUCHE. B F 69 &-208 T4 A
EEFATRA; B FMERASTERA; C: KWEATH DDI8 T
Fih; D: TERALAT I, BF*RT5 ALpah 2504
£ F(p<0.05); #&T5 C LltabH BE M £ F(p<0.05).
213 AmFiEAREAL

% 3 EiEESAY 2 BURERRRR /) R ILEMAS K 2L
Table 3 The change of serum lipid levels in mice fed a high-fat

diet ( x+sd, n=6)
#48%| TC/(mmol/L) TG/(mmol/L) LDL-C/(mmol/L)

A 1.18+0.32 0.23+0.26 1.11+051
B 2.1620.62%  0.71#1.53% 3.07+0.82"*
C 1.72+0.41" 0.42+0.14" 1.2620.27
D 1.89+0.29°  0.79x0.13" 3.92+0.13"

B 2 B L Febr s LRSI a3 3 R, Mgl
PEPRIIZH/NE, DDO8 T TiZH /N AN =S (85 772 31
H/NR A IE S AEEEE (TC) « Hm=F (TG) A
REEREE [ (LDL-C) IRFE L IE S iR 45 B2 Tt
i (p<0.05) o VEBHAHF RS 2 AU R IEAL 25
/N RIS B B Febr A1k . £ 3 AT 1iiG)7 )5, DD98
TTRL/INR LTS TC IR (1.72+0.41 mmol/L) %5 4l
WEPRI 2 (2.1620.62 mmol/L) FN%s (3% 53 T i

(1.89+0.29 mmol/L) 1k, {HEHEBEMZER. [FI,
A PRI/ TG WA 0.7 mmol/L, =5 ARG 77
FET-FR/INE TG WFE A 0.79 mmol/L, 1 DDI8 T
ZH/INBR, TG WA 0.42 mmol/L, gtk pRips 2 A2
H 85 97 2 A 7 A FE AR 1 40.84% 11 46.83%

(p<0.05) . TMi/NRILTER LDL-C 7K, FAZiifE R

11
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H/NBRI LDL-C ¥Rk 3.07 mmol/L, %5 (s T
4 v 3.92 mmol/L, DD98 T-Fi4l /N ) LDL-C ¥
FEALN 1.26 mmol/L, Bt FiRFZH 5 HIFE T 1.81
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2 RO PRSI IR O . SRS RAREL L 250
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MIEACF A e AT RIS B DD98 i
3 PEARRE R /N BRI LR 7K T, FE— e FE T EaR
FCRT ARl 2 2B PR 5 < ()0 LS 90 « Waing
Z S5 NI FUIdE— 0 2 B 2 A TR it R e 41 [
£ JIE W UACRA R 4 Jo i A BT - ) 2R R 7 HETE R
RISV RIPT,
214 FFREIE R &2 AT

B B AR BT & A2 SR 3 B, &
RN ATIEIE R TG TC. LDL-C ikEHI B & & T
IEF XTI (p<0.05) o UiPAAHFTRTEL 2 AN PR
TR 25| /N AR B F A28 o

2 3 JATHAIT S, DD98 T-FLH /N & T g
Jii TG TC. LDL-C ¥R 34 0 AR T SR alibi JR a4 (O
A 43.75%. 45.83%71 44.44%) F175 (555
TH4H. (43 HIBEA 47.05%. 44.93%F1 28.47%) (p<0.05) .
SIS 45 SRR BB 1 DD98 X 2 LA fR v
S R A B R R - — DU R Fi 48
B Pt fe 205 (LPS) « ZLW RN Je g 1 1R

(SCFAS) I G A B EATI M IiE 1 2IE I . SCFAS

AT DA AR B2 & A A7, S S5O i i AR
2, TR OE T e E AR, s AR R o] DA
2 RUBE R I I e e 25 1 PR IE I 1,
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Fig.2 The change in the liver TC (A), TG (B), and LDL (C)
levels in type 2 diabetic mice fed a high-fat diet ( x+sd, n=6)
E: B a REA BT B BE R E RALE; B b A&
200 BATREH o Z B R R ZALE; B ¢ AE 0 RATIERE A
REEGIRETAE., Bfidatksh A EwTBa; B:
R R BB, C: KRAWATE DDO8 F#iL; D: £éi
FEFHM., B kTh A BAGAH BH K £ F(p<0.05); #
A5 C A BE £ F(p<0.05).

22 EIRVE T H AR

221 NREIRARE BB IRH AT
SR 4 FoR, &4/ RZ R a6 2 B B AR
AREESR, miaFEs F)E, RaimiaEsEd N,
DD98 T-TieH/INER RS [ 35 R8T Tl gh /N B ) 23 I
HAE L IEE X RN R S R A = 17.37%,
4.29%71 14.63%, K FENEFFRESFBUN R NEHE
BT s, b SE0ERE, theh R SRR
SRR R T S . £ TG TR, DD98 T
TRZH /IS BR P 25 B EE A B B s AR Tl R 2R 5 R 97
FETTHNRR T 11.14%F1 6.28%, HAZEME
(p<0.05) , SIEHXTRA/NEMLL, WA BEEZE
S, ULEHSUST B DD98 1 LA SR M m iR Tl FE 5 i
(IR FRE /IS BRAAS B () 184 1, o] DA R 22 IR 7K T
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TENELSFEEOT T, AL A2 /)N BRI TR R
REWGFEHOY B3 = T IE W X2 (p<0.05) , {H DD98
TF-Th /N SRIPFAEFE%L (37.21£3.50 mglg) FfEM T
% (14.51+3.18 mg/g) R EART A4l m e 7R/
B CHFE4E 80N 40.02+3.43 mglg, JIg i 45 ¥l
18.89+3.14 mg/g) 17 FREFRIET AN (HEFE
44 39.53+4.03 mg/g, JEWiFEECH 19.6945.21 mglg)
FFIEFEE 5 AR T 7.55%F1 6.23%, g iHE%05 57

P#AIC T 23.18%F1 26.31%, HA REM: (p<0.05) . Wt
KOS B DD98 AT LA 285 PR AT I /I B 11 JFF A
NEE e fase. AR, aAER R DL RS
EH AR IR B S R R AR /N R AR i H e o 3 m,
ARSI S B S HA 5P, RN, AL R K
BUSAT B DD98 L2 it i iR T £ T BRI AR A/ R 11
K, TR SR HIGHRIIA G, [FR, KOS
DD98 i 7E— & R FENGE T MBS UR ALK o

x4 BESSHEMEENRAE. FIERAIEAREREL
Table 4 Indexes of organ fat, abdominal fat and body weight of obese mice fed a high-fat die in each group ( x+sd, n=6)

WA AsRElY  BPEARSwWERElY  AFIESSA(Molg)  PEERBE A4k (malg)

A 17.80£1.50 20.03+2.22
B 17.86%1.07 2351+2.81"
C  17.88+186 20.89+2.51
D  17.60+1.56 22.96+3.69"

34.37+2.57 11.46+1.90
40.02+3.43™ 18.89+3.14"*
37.21+3.50" 14.51+3.18"
39.53+4.03" 19.69+5.21

E: A EwstERLa; B: FLhFH54 A, C: KWUEATH DD98 T, D: @A E T, BP*k+=5 AZALA R

Fpk £ 7 (p<0.05); #&F5 CaAanA REH £ F(p<0.05). £5F.

222 miEIRAREAL
&5 SIEESAYBEE MR ILEMAE/K L
Table 5 The change of serum lipid levels in mice fed a high-fat
diet ( x+sd, n=6)
28%) TC/(mmol/L) TG/(mmol/L) LDL-C/(mmol/L)

A 1.21£0.11 0.130.05 0.9520.61
B 198+0.91%  0.29+0.09™ 2.14+0.48™
C 1.2520.52 0.14+0.05 1.6240.72
D 1.80£0.11%  0.26+0.117% 2.71+0.53%

S 2 AL I Fahrot EL B a2 5 Fi. i
H/NR ISR FEFR TG, TC. LDL-C K JEH 525
T IR HR2H (p<0.05) , 2% B i IR )7 A S 2 5 |
NRLTE PR R TR AR AR e T TURTT R, KXUEFT
DD98 T4 /INRIMIE TC i Eb ot g el 40
7S B FR BT T 70 0 FEAIK T 36.86% A1 30.56%
(p<0.05), H 5IEwW A/ MLTE TC W (L.21
mmol/L)F LB E M2 R . [FRF, KXUEAT DD9S
TF-FL/NRIMTE TG ¥R BE LU ali i Hig TR 4L AN 2 (1 55
FRIEETFRAPRML T 51.72%F1 46.15% (p<0.05), {HAMK
HFEH /NRIKT . KXUSATE DDI8 T4/ i,
LDL-C ¥ bb i afi g g 1) 2 4 AN 2 (1 5 32 BT T
BT 24.29%F1 40.22% (p<0.05). 1K XUEAT
DD98 T REHAH S ML I ma Fihm o s, B
SRR . Zhang S5 NFFLEREH, aidk B nTLLR 3R
fmlR K& S AR/ N B IS TG TC A1 LDL-C
K, MIMSGERERE, ARSTIGEREH 3. &R
R T K ZHE AR, R RO 3 A PR T
AT LU= AE KRR R KRB (BSH), BSH AT LUKfREE &

FIREER, AT FRAR IS g B AT, A7, DD98
AT DB AR A 5 A L35 i K T v, (B AL 2
TSI KRR = A %, R — I
223 IR Tk

L AR o 1) A A 2 R 3 B,
SR /NRFUES TG. TC. LDL-C IkEHEE ST
IEEXTHRA (p<0.05) , REIALRESIEE T /N RITFAEAS
JRIBFRIARA . ST LA 2, TR DD98
F-FiLL/N AT TG. TC. LDL-C iR H R EK
T A REFRH (a8 T 35.29%. 29.03%FH
41.93%) FIZS FAREFRIETHLH (41 RIFEAK T 38.76%-
26.61%#11 35.28%) (p<0.05) . 4k F3e K BUEAT
DD98 Xt FH B 5 L I a9 BH S i e A
AR, A T OB BT LPS. TNF-a
FEACRE =4, IR RIRIE, R
NERES AT, ABF7Erh ) DDI8 & 75 th 2 it
I RKAER I ORI E R, IR TR — 2P B 7T
AIIESE .,

a

* 3k

025 f

0.20

——

0.15 -

mmol/g prot

0.05 -

0.00
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Fig.3 The change in the liver TC (a), TG (b), and LDL (c) levels
in obese mice fed a high-fat diet ( x+sd, n=6)

E: B a RA ) RATIEE 2 B BERE RALE; B b 2%
20 SATREH I = B TAE; B ¢ &R RATIEAR 25
BEORETNB., BPeSaiTh A EF5TRA; B:
PLaBZal i, C: KRABATH DDI8 THiLh; D: F a3/
AFHam., By~kssh A BAah BE M £ 7 (p<0.05); #&
T4 C A B E £ 5 (p<0.05).
224 JRIBLALYH

FA AR TS SR W E 4 fos, X
FHNRIFIEAE Y A HE GeE b 70 e 1EH X
N ERRHET IR, TEASIER Bals iRt TRl
A7 R T/ U 5 15 06 HEZH /N B4
SUMHEL, B DX B AT D> S ] TR 2 M 4
TG D R RIEAMMIRIE, A AT A
R AR, ] TR AT W/ A K AR A
MBS s 245 TS DD98 TR /N, i
HIUHAMHRZIRIN, TESIER, DR N
AR 0. Ul BB T DD98 X T+ JIE R
IR A B SR, WL AT RE R I e JH
B2t — D

HIE SRR EE T A A 4,

a - & <

14

[El 4 RTAELARTRIRF SRR (HE & X 20)
Fig.4 Hepatic pathological changes in the mice (HEx20)
vE: ar EEATERLA; b FASEERE; o KA
H DD98 T7#4; d: =éRFHAFHA.

3 g

ASCHFGE 7 KXUBAT B DD98 X T flg 177 175 %
(RIANGR 2 BB PRI BB IEAR IR IS E - 45 5R
KH, KOUEATH DD98 X iflRids F+STZ {H4TH) 2
ROBEPRIP /N SRS IR . AR R IR /KT &
PR 05 B AT W R R AR, X RS S RO IEARE A
B MG IERSFRE LRSS 5 A
AR SRR . BHIHOTUBT T DDI8 Xl /R
L2 ST AR A QU L AT 5 T ) 5 P
KHFRTF RGBS BRIAR . SR 0 f a
AR st T EEA IS, R
PR R BNG T A2 ARG T B R AR
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