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R

HEPE 24 K (impaired glucose tolerance) & &£ E X} M PEAIERE B EFPRES, BEHBIGREIR,
#1995 FR% (diabetes) B0 L & %5 (cardiovascular diseases) KRBT K . BB ZH0, BREST
B IR RIES SEah0 TR L EA R AR, 284 (probiotics) RIEXT AEALEER 2 HIZHHE
W25 NMERAEERE . BHEHHERES, | 2WigE, FHLANATRERERZ X SRINERE.
AL AR AR BB (high fat-high sugar, HF-HS) #14X & 77 35 F:C57BL/ 6]Narl/) R 48] & B 2 A
REPRIL, B R EEEHZARRE. HF-HS/NR B3 E8E K7 & (20.5 mg/kg/day)5 &7
£ (102.5 mg/kg/day) ) Z 1 KRILEEFT & (Lactobacillus reuteri) GKD2BE ¥y . 7E 0 IR & HH 52 A58
(oral glucose toerance test), FHHLBEAHF-HSIR &4, BAEKRGKD2IIHF-HS/MNR, H&8)5 M H
FRARH @R . dsh, MR RHKEREAR (leptin) ER A WAHNE R T RERES; FEZENE
By E (insulin)¥Rk FE UL =51 B GKD2H B B3 TR (p < 0.05). MAE75TH, AR GKD2 A7 83 KM
W+ 5 B [E B2 (total cholesterol) )& & (p < 0.05). HLURE2E E, I HE 2D B A8 B HERR T GKD2 4 i
ANRIFEHLR . BMCA LR, L reuteri GKD2A B T B I8 B FE K & & W MM A1 5 A B
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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|8

— % IE B AR BRI T 140 mg/dL, 5K 200 mg/dL W A8 bR (diabetes), 14T 140 mg/dL
55200 mg/dL 2 [8) ] % A% %) B 22 A K (impaired glucose tolerance) [1]. 7 45 M i 52 /N K& —Fh i I
BRI, JHG 33 Y A B O] IR TR 42 R R0, ERHOIR oA ik B 57 T AR 20 24 (WHO) & SUIRIHE PRI bt , 1
TCH R IR, (H TRy e A8 M PO R 1T R [2] [3] (4]0 AR B SR 22 W PR SN PR S
F¢ F(Institute of Diabetes and Obesity, Chinese University of Hong Kong, China) ¥l [{) $da Fi5 H, 78 2 H i
ZARREALE 5 AR OB R IR BRI LR LA 50% [5]. BRAh, AL, JR2x18hnsh kiR i iL
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(atherosclerosis). 7&(»J7 (ischemic heart disease). HJX\(stroke)&5FH 5% 0 ML R AL Z[6] [7] [8].

A REI Z A RE, B 7RV REES, REMEANEFRREIBAER, JTHERIR. =h
IEEI[9] [10] [11] PRIUHCACSELS DLisi e &bl ik & 07 2055 /0N BRUR AR H TR Y 52 AN R BPIR DL, AREADh I
PR W5 L2 0 2 W T 52 AN BRI [12] 0 35 1 R 0 N AR ML BE AT 2 1) 25 42 7 (probiotics) 2 7 K LR FT B
(Lactobacillus reuteri) GKD2 VE R #b 78 CRAg & O LA 2 BE 152 MR, Iy Be B8 (31 AT BTN 2 AN R & TE 2 (1)
{REEBEIRTE, BRARHE R O S S S K AR 2R

2. MRISHE
2.1. EHRRIFESES

TR R AL W (Lactobacillus reuteri, 3144 : Limosilactobacillus reuteri)# itk GKD2 4355 H il i 24 )L
HIgIE, Fa47 T H ALY BIRRAT S F 78 1 Ua(Biological Resource Center, NITE, Japan), #F{74%5 A
NITE BP-03700, KBtk GKD2 575 T 1 L MRS K537 (Difco, BD, USA)H, i3RI N 37°C, £ 16 /)
Rf 5575, LA 25°C. 5000 rpm (Heraeus Megafuge 40 R, Thermo Fisher Scientific Inc., USA)Z(» 10 438X
BV, BN 10%BARYH, PR R TR EAE R . S50m 8 10° CFU. W RFT-20C
H“H, A EEEEhsEIRAH

2.2. B

6 JHWE 2 it CSTBL/6INarl /)N BRI [ S 5L 56 i 51 B 556 8 4 H 0 (National Laboratory Animal
Center, Taiwan). REFWHNR GG, BE—HEN)E, FFGHTRE. SWHEAFREZIHAEREN
MAE 23°C +2°C AHRHRSE 50% + 10%L0 A 12 /NS GIE E . ARSRie 2 iR B sh 2 61 W 1R N & i
Tk & W 58 BT (Food Industry Research and Development Institute, Taiwan) 3256 24 B8 47 & fd F 25 i
(Institutional Animal Care and Use Committee, IACUC) i # i@ id ()& 75 107-8 5).

23. RERITS5E

BIWEN G, K AR e DL R R B L (high fat-high sugar diet, HF-HS)BHTMEFR(E 1). &4
JA 5, LA R 45k 32 1 3056 (oral glucose tolerance test, OGTT) A HF-HS & 5 IE W &MLk, 2k
PSR R 428 SR AT S5, K IR R 4% 2R A7 1) HF-HS B /N U 24 RT3 20, 4r 9 HF-HS "X 4. HF-HS +
G &tk GKD2 (GKD2-L). LA HF-HS + il &k GKD2 (GKD2-H), #:2 8 K. 7452 il
SRS R4 DL HE-HS P #E4T, 1 28 48 1 41(GKD2-L. GKD2-H)Z /)N 53U 5E H 37 1# # #k GKD2 (4N, £
22 8 (Kl 1). Bk GKD2 45 T/ AR & 23 A LS BE RS 100, 500 mg f§i#e 5. sEEesh¥) T
55 8 AT OGTT [ B ARG, T4 9 JA ABY R M dh A7 M P AHOCHR AR 70 4, T-58 10 JE 4
KA PRENESS, FFREAT MG I U 2H 2303 B2 2 1) 4347

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

Nutrient Normal Diet HF-HS Diet
Fat 16.8% 60.3%
Protein 22.3% 18.3%
Carbohydrate 60.9% 21.4%
Kcal/g 33 5.1
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tolerance‘ Sacrifice:

Q TG, TC analysis
)
‘)CWBL/SJNarI male

high fat-high sugar diet (HF-HS) ’ + Probiotics GKD2 (L: 20.5mg/ kg mouse/ day; H: 102.5mg/ kg mouse/ day) |

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. iRt

2.4. OBREEPER 21414538 (Oral Glucose Tolerance Test, OGTT)

INREEE 16 /MG, HIRBUHRESIEO 2E)IRS Z MBFEAR G, &R &R RQ gke), 950
THIEFEROE NS 304 60 [ 120 4380 KA MK . PA Glucosure 1T MLFEHL(ApexBio Inc., Taiwan)#5 e ifil
BRI Py (R 7 M AL B 200K 04 304 60 LUK 120 23l i 22 M bEc B .

25. BAEERSBEEST

TAREGEE 9 JA LAY R R i 7 sSCSE AR 28 & 2 LR & 22 2 T 3R (heparin 20 TU/m) R L A, 2%
RAEE T UK E. L1500 xg, 4CRELG 30 70%h, 40 B IFORAF T—20°CUKFE o 3% rb (1) J 5 25 A
T Mouse Insulin ELISA Kit (KSA448Mul 1, Cloud-Clone Corp., USA)EI /3 2 B HEAT 207 . Bk
(leptin) 7347 145 Fi§ DuoSet ELISA for Mouse Leptin (DY498, R&D Systems, USA) & M E 4H .

2.6. MBS 4

ANEREEET 16 /NI S AR I, Ifi 3 1 S BE [ B (Total Cholesterol, TG) & =& H i i (Triglyceride,
TC)53 #1737 LA Abcam (Cambridge, UK)Z filllZ 41 Cholestrol/Cholesteryl Ester Ouantification Assay Kit
(ab65359). Triglyceride Quantification Assay Kit (ab65336)1K#5 )R ) #alEFema AT 43 H7 .

2.7. FFRRERYI A

ANEABAES , B IERE B SR IF IR ZAY) o HIEZH 2L Hematoxylin & Eosin (H & E)j+ 4, T
RS T MR IR .
2.8. Gt iR

AR PN R A E, HEE. YUKELLTM £ FRUEXE (mean £ SD)ER R, HAB/ M7 BT 455085 ) LA
FEIME + PIME R HE DR 2 (mean + SEM) IR it 40T PA Student’s r-test HLE I bl 4 (HF-HS) 5 2 A4
HH(GKD2)WA R Z 7, I p<0.05 NGt iRE.
3. &R
3.1. HF-HS SRR MEERER S

¥l 2 7y C5TBL/6JNarl /N2 4 Ji] e i b 5 RO IUBE R 68 0. IR IR AT HR 11 RIER K
B2 /NRAE R IE R R R R 2, DARIBk I BRI & o) 5] ke 2 b 15 6 70 22 2 HF-HS /M. PABkiE 2 24

H HF-HS /MRS IEH R E/N (= 1O, EREEFEEAG, HOEHET 30 28rAdudE B, Hin
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Wi _EFHE(0~30 min) 5 IEH AIAEHE Z7(E 2). G, HF-HS /R B2 R, EAR LR
EIFER NG 30~60 2050, BUEIRNJE 60~120 4048, HwdE EFHERREE S TIEFREH, AR
56 HF-HS 5 55 ki 2 /N 68 C 5 AR FAR T 1), 0 R A L 2 1) I R O 1 e

350 O Normal

300 @ HF-HS
250
200
150
100
50
0

0~30 min 30~60 min 60~120 min

B4 Ll mean + SEM 23, "p < 0.05 FoR 5 IEW KT HMEL AR
HEEH

Figure 2. The oral glucose tolerance after 4 weeks of HF-HS diet
2. HF-HS th& 4 BE(5E 0 BRI O AREIEHEm 1%

ABlood Glucose (mg/dL)

3.2. Ei#k GKD2 /Y \ HF-HS {19 MEE iR R

YR 2 455, ¥ HF-HS /NREBEHL D =4 = 8), H&XIHEA HE-HS 4H. Ll HF-HS k& H
e N fi 42 B GKD2 fi(GKD2-H) SR (GKD2-L)FIE 4 . 74 )5 /N RIAEH T EE Z R 2). g
K, B 7 TR B AE GKD2-L 415 HF-HS A Ziit 22 3 4h, HAE D)6 KT A e FHYukE.
PSR ES 25 R J5 AR I TE A 7

Table 2. Body weight (g), food intake (g), and water intake (mL) of experimental mice
=2 R/ NRZHE(). FRE(g. URIKKE(mL)

Body Weight (g)
Group Food Intake (g) Water Intake (mL)
Initial Finial
HF-HS 33.5+3.1 44.6+5.5 2.37+0.20 3.55+0.25
GKD2-L 33.1+34 43.4+5.7 2.10+0.12° 3.23+£0.16
GKD2-H 334+38 440+5.4 243 +0.16 3.38+0.22

4 (n = 8)LA mean + SD £Hl. “p<0.05 ¥ =5 HF-HS 4L ABEZER

TRE 5 8 A AT OGTT Arill, 455 % T & 3. HF-HS A= IE kA 123.4 + 6.0 mg/dL,
5 GKD2-L #H(104.8 + 4.5 mg/dL)8t GKD2-H £H(118.1 + 4.9 mg/dL){) %% i 0 B T 5. 35 25 5 o SR 1T 24767 2
WEFR N5, HF-HS ZH7E 30 205 5 S0 i piE y 315.4 £ 20.4 mg/dL; (K55 E -5 77 5 2 A B 4 0 I AR 4
A BARHIES, 2258 295.9 + 16.4 mg/dL 5 271.3 + 9.0 mg/dL. BHJ5 30~120 43k () I {2 BTG 41 7]
RAEFER, Fk GKD2 AN, A R I B o o bRod gk N\ IR i 3 L
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350
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150

Blood glucose (mg/dL)

100

50

0 min

30 min

60 min

120 min

¥4l (n = 8)LA mean = SEM £, “p <0.05 £/x5 HF-HS AIMILL AR EZEF.

Figure 3. OGTT after 8 weeks of GKD2 consumption
[E 3. Bk GKD2 7t A 8 BR# O REZEHEN 1t

3.3. MBEFHEIRRIEIRS TR

B 9 F/NROIFARBEATEE T, i AT AR 25 I 0 HLVBORE & 70 BT HF-HS PR R AR 3R (leptin) 5 2 5

Z (insulin) (IR FE (] 4). fEANRZ AR A R F, SRR R B AT HF-HS &%, RMETLST
T ERE 4(a)). IFZEEE S R WTE GKD2-L 41+ M 223 5 HF-HS A LR R34, 1Mk B ik GKD2

RN E(GKD2-H), A LI R FRK HF-HS R R B 3 10 3 5 3R B2 (] 4(b)).

_ 20
=
i
E 15
2
]
w 10
g
2
—
o 5
5
4

0

#rdi(n = 8)LA mean + SEM £Hl. “p <0.05 £ /x5 HF-HS AHLLAEEZR.

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

HF-HS

GKD2-L
(@)

4. FEREBERFRRQSRBRO)KRE

GKD2-H

3.4. BBERES =B HmERE

Non-fasting Insuin (ng/L)

5

4

HF-HS

GKD2-L

GKD2-H

WIRHT 10 /N EHTZE R ORI, O AT AR 2 BT (14 5) e ANTBERN w71 B AR 1Y

GKD2, HEJHFEE(TC)E &#EMKT HF-HS 4.(& 5(a); A1 =B H WM IR(TG) LM St 257, 5
&= [1) GKD2 4A P& (& 5(b)).
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6000 3500

g * %
—~ 3000

3 o T Z 2500 _I_
=]
4000 2
g = 2000
S 3000 s
5 2 1500
— =)
g 2000 E 1000
s

1000 500

0 0

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

#rdi(n = 8)LA mean + SEM £Hl. “p <0.05 £/x5 HF-HS AHLLEEEZR.

Figure 5. TC (a) and TG (b) concentration
& 5. BBEEE(a)5 =B HIBBE(b)KE

3.5. X EE SEARKES

HF-HS. GKD2-L. GKD2-H ZHFJAH5S FFIE E 43514 2.91 £ 0.16%- 2.54 £ 0.05%- LA A 2.70 £ 0.08%.
A GKD2 #h 78 )5, EFEMCAEXT AT IF EE A . DUITIEA Y A Wi g2 45 B mT K B, HE-HS I TR
JFIFH LB 2 AR HER BB % s T Bk GKID2 #h 78 R ) HE-HS DAL, 000 2 fry i i 4 AR R e, )
BAE 6).

HF-HS diet HF-HS +GKD2 (low dosage) HF-HS +GKD2 (high dosage)

RS

Figure 6. Liver tissue in HF-HS diet mice
& 6. HF-HS R /N Z AT AE4E LR

4. Wig

Jik 5 R (insulin) Y —Fh 8 FUSUSCER,  BHBRNE g A0 Aoy b, 25 i dss, B0 H 9 8 AL A
1 6 XoF 1 25 W R WAL, AR PRI 5 S0/ 4 P ) 2 R R T R LV, Ak B B BRI [13] SR A
BE R (type 2 diabetes) (1) H A K& 529, 5 25 P (insulin resistance) 2B 2 B4 011, = RI4H BT 1E 5 R FE
P 2 R NEANEE s X AT R T AN IR IR AR P (obesity) S5 BRI, 844 A g i 3R R 820 T SR B () AR
A[14] [15]. JRNE B 40435 550k B 22 Jik & 2% AR OGS 0 B 2 (0 S 82, DR L0 B B 12 T T (& 5
MHEE /N T 200 mg/dL)2x W5 244 P J5 & 22 (0BG 0, i K1 FER A0k 4 ot 82 7 s i =, 5 350 U 40 A
BHUREEIR, BRI TR, SO AR R BRI 2 =R [16]. 1£ HF-HS X BFES
TR THEIRIGIZWAT I, B AR m ik AR 2R, TR GKD2 (AR 7t A7 Bl T4 P g 5 Z ik 52 11 1
T, D R 2 L R A T Z (14 4(b))e

95 44 2 (leptin) >4 G W7 41 B2 (adipocytes) FIT 73 Wk 1] — F 4 22 381 25 (neuroendocrine), 7] /E T F ko
(hypothalamus)#il &8k, HEA (RIS PRBelar. bt e &I Thae[17]; S8 HAHE
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S SRAML, Gt 2 i B A BHPTRUR (Ieptin resistance) [18]. BRI, I PR b ] 082 21 E Bk 14 P4 1)
AR R IE® NRIRES[19]. 1E G W &L 7 K% a3t T 220t 58 BT (Department  of Public Health,
Kaohsiung Medical University, Taiwan) ] —IUfF Fe b #a i, JERE R ERED, SRR E S, KRS ER
FHATL AR FE 8 5[ 20] HF-HS RE 75 T ROBE R AT/ B8, #h e Btk GKD2 FI4 A B A FRAIK
RN B AR T (E 4(a)), HEH 553 W2 AR AR N B B R ARST, W Bk GKD2 A
e AR FACI LR 0038 7, JC LI I e R R 42 AR DGR -, FRAIK HF-HS IR & I B 5 A fe e
REE 3).

A N A IR AR E RO BLARAE 2 52 2%, IR A A B 2R 52 3 5 11 44 L xof 3 46 i 1) A B R P SR 4 4
MAETEE, Bz RS, HENBA S AT ZRERA . RIS, EREMN21] [22]. RiE
W IR, 29F 80%~90% ) 55 — AWk /Ry i[RIy HAT ok B sl IR E ARpIR e, B0 8 21 BT 5 IR B2 TR A 5K
[23] [24]. A% HF-HS W8 75 /0 BB  08 B AT IR DESRABL, AT A0S 21 i s S AR T PR ALZR( 6)
PR GKD2 [IHRHL, LS 2 BR8N BRI 5(a)), BT =R H AR A9 R A R(A 5(b)).
EEXT Il PR HE W58 — AU PR & T UG S i 2, 20 =R H IR = w8 n, - DL & % FE IR % (high density
lipoprotein cholesterol) T [%, T2 & H [ B (low density lipoprotein cholesterol) | 5 IEH N Z F A K,
I OG T B bk GKD2 ) T+ I ) sl 1 7 5 22 (R B A [25] -

5. &t

ARSI Ll iR e Ty s S/ RO R A AT 32 A BRI DG,  ASEADLI PR W L 2 A 4 W T 2
ARBERE. #i 8 M AP IRILERAT B (Lactobacillus reuteri) GKD2 #8780 N, &g EHERE TR
PIT i R A BT 52 A RN B, RS IR ETHEA T BRRE S . bl s B odridE s &, e
PR PR GKID2 A HE FH 8 775 i 32 R i 3R 70 A B R T IBE RV o ELTRT PR GKID2 FHb 78 7T FERAR A PAY S L [T e
BRGEA IR T AR, B0 M MR AR BRI 5l b 2 A R, EREE
HIBAZEAIT T AN, #MFE L. reuteri GKD2 ] A A AL AE 2 — X 5K
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