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HE

B & HE 24 B (impaired glucose tolerance) R82E X MR RE TR EZRRE, BXHEKRKER,
HAPE R (diabetes) B0y B %5 (cardiovascular diseases) K2R RIIK . LT BAE BB, REST
BRI 525 TR LESR AR . 254 H (probiotics) RN AMAYLEER 22 FI40HE
TS5 NERAERAR . FHEEARES, I2hgEsz, FHEARNA T RBERZITX E RS,
AL AR . B ¥ (high fat-high sugar, HF-HS) 11X & 77 R F C57BL/ 6]Narl/M R R A H & HiTR =2 A
REPRGL, B L2 FE RN ZARRE. HF-HS/MHR 273788/ E (20.5 mg/kg/day)5 =7
§(102.5 mg/kg/day) K15 RFALBRHF B (Lactobacillus reuteri) GKD2 B}y . 7E 1 IR A EHETH 32 4 1R 5%
(oral glucose toerance test), HHBAHF-HSIR&4H, WMABEIKRGKD2HKHF-HS/MR., H&5 M E
BRARHEH . A, MBERT RAARIERE AR (leptin) £ 2 AR A WER| FTRERES; JFZEKRE
B % (insulin)¥k A EGKD2H E B3 F M (p < 0.05). MAEHTH, 254 M GKD2HI4h 78 &35 MR i
V8 J5 JE ] B (total cholesterol) )& & (p < 0.05). HLUREE E, WHUZIE D 1 BB A T-GKD 24 K
NEIFEHLR . SWMCAELER, L. reuteri GKD2A BT 5 s BB IR & & B0 LB 3% 5 AL TAR

K
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Lactobacillus reuteri GKD2 Improves Blood
Glucose Regulation in High-Fat and
High-Sugar Diet Animal Model
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Abstract

Impaired glucose tolerance refers to a state of poor physiological ability to regulate blood sugar.
Although there are no obvious clinical symptoms, it is a precursor to diabetes or cardiovascular
diseases. This stage is often ignored, or medically recommended diet control and exercise have
limited effect on this group of people. Probiotics refer to bacteria that are beneficial to human
body functions. They can participate in the body’s physiological metabolism and balance the gut
microbiota. They are widely accepted by the market and therefore have the potential to be used in
early stage countermeasures for diabetes. In this experiment, a high-fat, high-sugar (HF-HS) diet
was used to induce glucose intolerance in C57BL/6]JNarl mice, simulating the common causes of
glucose intolerance. HF-HS mice were supplemented with low-dose (20.5 mg/kg/day) and high-dose
(102.5 mg/kg/day) Lactobacillus reuteri GKD2 bacterial powder respectively for 8 weeks. In the
oral glucose tolerance test, compared with the simple HF-HS diet group, the postprandial blood
glucose levels of HF-HS mice consuming strain GKD2 tended to be lower. In addition, leptin, a re-
lated marker of blood sugar regulation, showed a downward trend in the probiotic group;
non-fasting insulin concentration showed a significant decrease in the high-dose GKD2 group (p <
0.05). In terms of blood lipids, probiotic GKD2 supplementation significantly reduced the total
cholesterol content in the blood (p < 0.05). Histopathologically, less fat accumulation was ob-
served in the liver tissue of mice in the GKD2 group. Taken together, the above results indicated
that L. reuteri GKD2 contributes to blood sugar regulation and physiological metabolism in those
high-fat and high-sugar diets.
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1. 5|

— CEH IR IR /T 140 mg/dL, & KT 200 mg/dL U Ay Fx 7 (diabetes), i/ 140 mg/dL
5200 mo/dL 2 ] A] R A% 25 B 52 A K (impaired glucose tolerance) [1]. 5% B 52 A K A& —Fh i WA
R RE I R, FLUE I A BN IURE TR IR G, R HOR AL B 5 DA 20 ZL(WHO) E SRR R AR, R
JCH S ARFEIR , AB AT A0 Dy 8 2 0 PR BRI [2] [3] [4]. AR A s vh SR S WE s ST B RE AT
F¢F (Institute of Diabetes and Obesity, Chinese University of Hong Kong, China) % B8 [ 8 i . 6 2 B iy
AR B AE 5 G AR O R R LR L 50% [5]. BRAL, AN CASES], TR nsh ki R g1k
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(atherosclerosis). /L2 (ischemic heart disease). 1 JX\(stroke) &5 AH ¢ 0 I B AL [6] [7] [8].

BB SZ AR, B 7R RIEIENE SIS, REBENEFRREIBEL, RHEERE. &
(PRI [9] [10] [11]. PRIMEARSEEGLAEAR ki i & 07 0k 3/ BUR AR H T R 52 AN R IR, R A0 I
PR W 2 % ETRE T 52 A8 RS R [12] 0 3B i #R 00 xF A AR L BE A a4 ¥ & £E 187 (probiotics) 27 7 X 3L R M 16
(Lactobacillus reuteri) GKD2 1 b 78 i i X US4 B 052 m, 10y i B2 (881 460 B 22 R R 3% 8 22 110
RIS, RICRE R O I P S50 R AR 2R

2. MR55%E
2.1. EHRRIFESES

ZJ [CFLIR AT T (Lactobacillus reuteri, #7144 : Limosilactobacillus reuteri)##k GKD2 735 H {d@ 5 % )L
(s, 45T H ALY B IERAE 20 78 0 (Biological Resource Center, NITE, Japan), {745 N
NITE BP-03700. ¥ Eikk GKD2 32T 1 L MRS $3::(Difco, BD, USA)H, HF:iR/¥ K 37°C, 4 16 /)
85555, BL25°C. 5000 rpm (Heraeus Megafuge 40 R, Thermo Fisher Scientific Inc., USA)& s 10 438 HX
Ve, AN L00MEAEYAY, A VR TR S B A . R TOiE W2 10 CRU. Bk fRfFT-20C
#H, RSB SER AR .

2.2. HEEN

6 JEW 2 HEME C57BL/6INarl /N [ & ¥ SEIG A 7T B SL 56 2 4 7 o0 (National  Laboratory Animal
Center, Taiwan Region). RISV NR GG, B&—AENE, HIFGHTRE. shHses 2 85
W NIRSE 23°C £ 2°C . AHXHEE 50% + 10% LA K 12 /NI IRIG IS FE 1. A st 2 iR 36 sh W 2 & 78 W ik
N Tk & R 7T AT (Food Industry Research and Development Institute, Taiwan Region)=Z4ssh#) 3 &
fif FHI 2% 5 (Institutional Animal Care and Use Committee, IACUC) 5 #% il i (318 745 107-8 5).

2.3. MUt 594

SINERN G, K — R DL i B R (high fat-high sugar diet, HF-HS)#HTHESR (L 1). 4 4
JA e, LA HRAE % R A2 41056 (oral glucose tolerance test, OGT TN HF-HS i 5 1IE W &ML, 2id
FSCIIRE R 428 SR A7 /5, K IR R 4% 2R A8 1) HF-HS B /N RN 24 kAT 7320, 70 9 HF-HS IR 4H . HF-HS +
IR E R Pk GKD2 (GKD2-L) LA HF-HS + =i5fl& B ik GKD2 (GKD2-H), %41 8 H. 734 52 5/
BRLES RS DL HF-HS & #EAT, 1 254 B 4L(GKD2-L. GKD2-H) 2 /)N BN 4 F B ¥ i bk GKD2 [N, +#
428 (] 1). Bk GKD2 45 T/ AR =& 23 ) LA BE R $HL 100, 500 mg fifde 5. sLaesh¥) T
2 8 JHEAT OGTT T R MUFE RS, T2 9 Ji LABY R i gk A7 M BE 42 AH G HRAR 0 AT, T35 10 JE474E
Klfis PREGAERR, FFEEAT AR5 HFHE 20 235 B 2216 0 o

Table 1. Nutritional differences between normal diet and HF-HS diet

=1 ERRKSsESREANZERES

Nutrient Normal Diet HF-HS Diet
Fat 16.8% 60.3%
Protein 22.3% 18.3%
Carbohydrate 60.9% 21.4%
Kcal/g 3.3 5.1
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& toIera\nce‘ Sacrifice:
a

é TG, TC analysis
le oo

+ Probiotics GKD2 (L: 20.5mg/ kg mouse/ day; H: 102.5mg/ kg mouse/ day) |

‘) C57BL/6JNarl m

high fat-high sugar diet (HF-HS) |

Week -4 0 4 8 9 10
¥ ‘ +
OGTT & Grouping OGTT leptin & insulin
(Selected those with glucose intolerant) analysis

OGTT: oral glucose tolerance test; TG: triglyceride; TC: total cholesterol

Figure 1. Study design
B 1 gt

2.4. OBRBEEPET 14158 (Oral Glucose Tolerance Test, OGTT)

NEREER 16 /NG, B RNRETIE0 e IRE Z MIBFEA S, & WA R VAR (2 g/kg), F5dl
TFHI ARG NG 30, 60 K 120 43Bhis) SREE ML . LA Glucosure 11 HiFEHL(ApexBio Inc., Taiwan Region)
PATC MU P (AT 2 W B I 2 R) Rl 04 304 60 LA 120 73S 2 MM A 5
25 BERERRRSH

TREG 58 9 JA LABY ek i 5 AUCER AR 2% & 2 MRE b 22 2 25 (heparin 20 1U/ml) PR L& H, S22
RAEE T UK . BL1500 xg, 4°CF &L 30 08, 4 B MR IFORAFE T —20°CUKAR o L 1 e 5 2 A A
i Mouse Insulin ELISA Kit (KSA448Mul1, Cloud-Clone Corp., USA){EEL /0 5 i HE T /0 b R
(leptin) 2347 4 Fi} DuoSet ELISA for Mouse Leptin (DY498, R&D Systems, USA) [#)6I E 4H .

2.6. IB&54F

/NEREE R 16 /NI S B SR oM, I P ) 2 I [E B (Total Cholesterol, TG) A — B2 H it ig (Triglyceride,
TC) #1437 LA Abcam (Cambridge, UK)Z #5illZ4H Cholestrol/Cholesteryl Ester Ouantification Assay Kit
(ab65359). Triglyceride Quantification Assay Kit (ab65336) K4 R ) #EFara AT /04T .

2.7. FFBELELR YR

ANERATIEE S5, BT IR A EE 22 SR R IR A o FFAEZH 2L Hematoxylin & Eosin (H & E)4eta, T
22 s N R R I IR L
2.8. Giit ot

AR NRZARE . BEE. YOKELUCFHE + trEZ(mean + SD)E R, HAth 7 B S HdE il L
YA+ SPIEMR IR Z (mean £ SEM)R IR it 20T LA Student’s t-test Lo i i iR BE 2 (HF-HS) 5 25 4
W 4(GKD2)4H R 27, FFLL p<0.05 NGt R4
3. R
3.1. HF-HS {(R R f mPE R

2y C57BL/6INarl /N ZE 4 A = g s b & Ja i IUobE R 9 R f7 . IS AT 11 R IER IR
B2 NRAE R IE R R R, DARIPh I DRk £ ) 8 5]k 2 MR 5 B8 122 2 HF-HS /N . PABkiE 2 24
H HF-HS /MG IEFRE /AR = 1), fEEEREA S, iy E T 30 ek B, Hi
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B _ETHE(0~30 min) 5 IEH A REZ (4 2). B)5, HF-HS /R B2 T FEE, EA R
PRI G 30~60 708, BRI G 60~120 70t FLAMURE FOHERR B m T IEE R L, WA
56 HF-HS 535 rpkak 2/ B C B AR FRACH )R, O H FLU 22 0 B 34 75 g

350
O Normal
g 300 @ HF-HS
g 250
e
Z 200
()
=
T 150
=
g 100
=)
< 50
0
0~30 min 30~60 min 60~120 min
HHELL mean + SEM 23, *p < 0.05 FR 5 IEW K EHMEL AR
EFER.

Figure 2. The oral glucose tolerance after 4 weeks of HF-HS diet
2. HF-HS X & 4 BI/E (58 0 )8 O BREIEHEmT =214

3.2. Btk GKD2 f' \ HF-HS R &y miE sk R

WHEE 2 G55, K HF-HS /NEFENL 2 =4 (n = 8), B & XA HF-HS 40, DA HF-HS & H.
N4 W GKD2 (GKD2-H) SR (GKD2-L)FIE P . 3415 /N SRR L T B 3 25 (32 2). kR gk
K, B 7 TR A GKD2-L 415 HF-HS A B giit 22 B oh, HAE N a1 T B e & T Yok E.
DLERIGE R G2 R EH LR EER .

Table 2. Body weight (g), food intake (g), and water intake (mL) of experimental mice
F 2 R NRZIFE(@Q), JREE(Q) UKIRKE (ML)

Body Weight (g)
Group Food Intake (g) Water Intake (mL)
Initial Finial
HF-HS 335+3.1 446 55 2.37£0.20 3.55+0.25
GKD2-L 331+34 43457 2.10+0.12" 3.23+0.16
GKD2-H 334+38 44054 2.43+0.16 3.38+0.22

4 (n = 8)LA mean = SD 2. p <0.05 Fin5 HF-HS 4AHEL A B35 2= 5

TRI05E 8 Ji F AT OGTT Axill, 53R E/RT 14 3. HF-HS AR kE A 123.4 £ 6.0 mg/dL,
5 GKD2-L 41(104.8 + 4.5 mg/dL) 5k, GKD2-H #1(118.1 + 4.9 mg/dL) {75 i MK B5 6 545 25 5 - SR T 24781 4
PEEEN G, HF-HS 4178 30 43 #h 5wl i B {E A 315.4 + 20.4 mo/dL; 575 7 & 28 AE B 2 ) ke
A BAR KA, 4358 295.9 + 16.4 mg/dL 5 271.3 + 9.0 mg/dL. [ 5 30~120 4/ i1 MLk 570 45 [7)
WEZER, Bk GKD2 N, A5 J R R s s e N IR R S .
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¥4 (n = 8) LA mean £ SEM £Hl. *p <0.05 #R5 HF-HS 4Ll A B E 2R .

Figure 3. OGTT after 8 weeks of GKD2 consumption
3. E¥k GKD2 T \ 8 BAfEHY O RREEvEm =14

3.3. MFERIEMRXIERT LR

B 9 F/N RO ARHEATEE i AT AR 25 I O HLVBURE & 70 BT HF-HS PR R B4R 3R (lepttin) 552 &

Z (insulin) IR EZ (K 4) . fEAM R ai BRI, ARE AR AT HF-HS diiéads, REEstit
EZER(E 4(a). IR RIED R NFE GKD2-L A M EH| 5 HF-HS A LRI 3, TS Btk GKD2

BN EAR 5 (GKD2-H), 7] WL B & BEAC HF-HS PR T JE 20 W I A 1R g & 20 B2 (] 4(D)) .

_ 20
=)
2
E 15
=
]
w 10
£
2
S
o 5
S
r 4

0

i (n = 8)LA mean £ SEM £, *p <0.05 £/n5 HF-HS HAHL B B #E =R

Figure 4. Non-fasting leptin (a) and insulin (b) concentration

HF-HS

GKD2-L
@)

4. FERBHRQSHRDR(D)KRE

GKD2-H

3.4. BIEEEES =B HMAERE

Non-fasting Insuin (pg/L)

5

4

*

HF-HS

GKD2-L

GKD2-H

WSS 10 JA/N REBEAT 25 ORI, WSO Z MBEAT IR 20 BT (151 5). AN IBIRN = 77 B B AT

GKD2, H WJH[EEE(TC)E BEMLT HF-HS 44 5(a)); A =®H M Is(TG) NI LA Fit 25, &7
#¥ GKD2 A BEKE (1€ 5(b)).
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2 2 1500
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ja
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0 0

HF-HS  GKD2-L.  GKD2-H HF-HS GKD2-L GKD2-H
@) (b)

¥ (n = 8)LA mean £ SEM £, p <0.05 Fir5 HF-HS AL A& %= 7,

Figure 5. TC (a) and TG (b) concentration
E 5. BREEE(a) 5 =B HMBE(D)IRE

3.5. M EESEARKIES

HF-HS. GKD2-L. GKD2-H #H FJAH %} HT i 224 )4 2.91 + 0.16%. 2.54 + 0.05%. LA % 2.70 +0.08%.
24 GKD2 #h 78 o, ELBEARAEXT FF I S e ss . DU IFA ) W45 SR n R B, HF-HS YU R
AR B 2 A BE R HERR OB 5 T AR GKD2 M8 NI HF-HS e, 000 34 ) g iy 2 AR DR 250 )
(A 6).

HF-HS diet HF-HS +GKD2 (low dosage) HF-HS +GKD2 (high dosage)
v X A T g e Ly % R CRae B

o

Figure 6. Liver tissue in HF-HS diet mice
[ 6. HF-HS {R R /R Z AFAEZHER

4. g

[ 2 (insulin) y—FPEE USSR, BT B 4UM i, S5 IpE T, 5220 F o3 i e A0 L Al
S PR K T 2T W (RS, I PRI S R A L PR PR T R TS IR, R IR A FH[13] 0 FESE B
B FR 97 (type 2 diabetes) i) F SR & J& s, JiR 55 K P (insulin resistance) 23 Fifi 2 B0, 75 BIVAH ff %6F 1F 85 I P
AR B S5 2R S AN, X AT RS IR AN IE W IR . BE A (obesity) S5 K 1, SR Y IR B IR AR AR AL T IR EE HOAR
AS[14] [15]. FHEIE B A0z 43 WA BE 22 1 % 25 DAV A IROGS FER S5 2R S B, A1 I 3 PR s 12 i T B (& J
AR /NT- 200 moldL)£s W Sk 4 ik 8 22 3 b, Bl s DR R 400 Ao B2 i T =, 5 S80I 400 A 4
FHIREER, BRERIRE TR, WO A0 R0 8 00 R 8 Rk R LB Z RFS[16]. 1E HF-HS KB 1ES
FRULTRERIGIZWATIE, B AR mR A R ER, T Bk GKD2 (b 7a A B T4 P 1 5 2k R 11 A
T, PR A M R i T = (K 4(b))e

J% 1A 2 (leptin) 24 fig 17 41 i (adipocytes) FT 43 WA 1) — Fi 4 48 38 2% (neuroendocrine), FTYEA T T M &
(hypothalamus) ¥l 8%, HEAMRINIAMRE . BReai . mbEfe e &AM Ihae[17]; AR Hre:

DOI: 10.12677/hjbm.2024.142023 218 st


https://doi.org/10.12677/hjbm.2024.142023

WRAtEHE %

G2 ARL, 20wt 2 B A BTN (leptin resistance) [18]. BRI, I PR b R 0022 381 AR ik 2554 P9 1)
JEAR R LR AR BE i [19] . 7E 678 & HEEE 5 K % o JL T4 221t 5 i (Department of Public Health,
Kaohsiung Medical University, Taiwan Region) ] —Iiifft 7o 45t JEME R IRRES, AR RIRE R, H
i 5 R BH TR B Bk & [20] . HF-HS & 155 T IO PR AT BGOSR Bk GKD2 [ 2H 0]
B FRACAE EE AR K B (1] 4(a)), Bhia st 5 WS 3) 0 25 WA IR 4 P9 TR 5 3 AH AT, 15 B bk GKD2 (14
BB o AR BRARUIALRE I3 7, U 5 mm B i 2 (R AH G R, BRI HF-HS TR & S B8 5 b
AR AR (B 3).

A N A IR AR E RO BLARAE 2 52 2%, IR A P B 2R 52 3 5 11 44 L xof 3 46 i 1) A B R FH SR 4 4
MAEEE, HUb b RS, AN BAE S AT ZRERA . IR, EREMN21] [22]. R
W IR, 29F 80%~900 ) 55 — AWk Ry i (R Iy HAT ok B sl IE e (RpIR e, iR 5 2R BT 5 IR B2 TR A 5K
[23] [24] - AR5 HF-HS AT 755 /0 BRURRE 2 5 0 o i SR B AB, T 50 5 81 i fs HE AR T B JE L2 (141 6)
Wtk GKD2 [IHRHL, AT W %20 RH [ B & R RE(E 5(a)), (EXT =B Hih A s> SUR A R (A 5(0)).
EEXT Il PR HE W58 — AU PR S T UG S 2, 20 =TRH IR = s 8n, DL & % FE IRE 1% (high density
lipoprotein cholesterol) &, 1M 1i 2% 15 iH [ B% (low density lipoprotein cholesterol) ] 5 1E# AN 2 FANK,
I OG T Bk GKD2 X} T+ I i ) sl 1v 7 5 22 (1B A A [25] -

5. &

A DAl iR R T 2 SN RO AR TR R 2 A RDIRIL,  ASEAMNE PR R 2 6 5 B i 52
ANREE . #h 8 &4 P K FLR AT I (Lactobacillus reuteri) GKD2 #h 78 /h N, EiflE. B T
FIT i B A T RS2 A RN R, RS s EHE A T ReMiES . SRR rdds & 8, i
FRIAR GKD2 RIS H 1 15 7 5 JR 8 22 20 Wb ik YR LR B A o EL B PR GIKD2 frh 78 AT PG A P i F [ e
SR EWA RN T AR, RO I R AR B0 IR & 5 2 M 2 AN R, EREE
HIBGZ VAT T EHAN, #MFE L. reuteri GKD2 W] Ay ek A4 BACH ML g 2 — W 5
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