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Abstract

The anti-diabetic effects of Allium tuberosum Rottler extracts (ATE) and ATE fermented with lactic acid bacteria
in db/db mice were evaluated. The electron donating activity of ATE fermented with Lactobacillus plantarum,
and Lactobacillus casei, respectively, increased compared to that of ATE, but the superoxide radical scavenging
activity of the ATE incubated with L. plantarum decreased. The superoxide radical scavenging activity of the ATE
fermented with both L. plantarum and L. casei was similar to that of the ATE. Therefore, fermented ATE (FATE)
was prepared for in vivo testing by incubating it with both L. plantarum and L. casei. The db/db mice were divided
into six groups: normal (non-diabetic mice), diabetic control (DM), and four experimental groups administered 200
or 400 mg/kg/day ATE (ATE200 and ATE400) and 200 or 400 mg/kg/day FATE (FATE200 and FATE400). Weight
gain was significantly inhibited in the FATE200 group compared with that in the other db/db mice groups (p<0.05).
The areas under the curve of the ATE400 and FATE400 groups were significantly smaller than that of the DM
group in the glucose tolerance evaluation. The serum glucagon-like peptide-1 levels in the ATE400 and FATE400
groups increased. These results indicate that administering ATE and FATE may be effective against anti-hyperglycemia
by regulating insulin resistance. In particular, FATE may be beneficial for controlling obesity in type 2 diabetes.
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KyungSeo Machines, Incheon, Korea)°l| A 65°C, 3A| 7 13]
28 thy 3R ol ARG A2 ARSI B T E
& AXE A fakt & A Fo] FE A ol A ZﬂtOh:
AZAAFE doly wo]xo] ZABI] 2] go] 713
Lactobacillus  acidophilus KCTC 3151, L. acidophilus),

Lactobacillus caseiKCTC 13086, L. casel), Lactobacillus
plantarum(KCTC 3104, L plantarum)= 3=y A 38k -
A A=A A ol A EFol B AR o] &3ttt
B3 05 s 93 gkt A& MRS HiA| (Becton,
Dickinson and Company, Franklin Lakes, NJ, USA) 5 mL]
7} S WFel 2 ol gstel HEHTL 37°C WD)
(VS-8480, Vision Scientific, Seoul, Korea)ol| A 24A| 7t 59t
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o A A S 1%(vv)7F S =E G Eeka 48417 Bt
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F25 2 3 235 0.1 mi(1 mg/mL)dl| 0.1 M potassium
phosphate buffer 0.6 mLE %o 2 Z3gt & of7] 04
mM xanthine £137} 024 mM NBT&HS 1:12 33t
A 1 mLE H7}sla 0.049 U/mLe] xanthine oxidase 1

£ 7fsted &3 o & 37TCelA 208 WHAIZ
%, 1 NHCI 1 mLE 7Fate] wh-g-2 HA A7 tha 560
nmol| A &3 = =73}t superoxide anion radical £~ %5
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Superoxide anion radical 2275 (%)=(1-A ] 2719 &
BEAE T AR F8)x100
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$719] C57BLKS/J Iar-+Lepr®™/+Lepr™(dbydp) mice®} B
% C57BLKS/J Iar-m+/m+ miceS (F7)5 94 & % E(Seoul,
Korea)ol| Al Fwrol A3ttt A @ FEAA 1574
et 2 AeA & AT dds St HElERl
Eo] &zdo] gl AE Aol A3 miceS A1E 3]
AHESHATE A @73 F Als et B2 ARl AFHAA
o AbgA 2R 00T, FEE 55+15% 181 P
< 1242 F71E fAETE AET 2 Fof §582
streptozotocin % Bz B F A Ichnocarpurs frutescens
FEEY Ju¥G 8 HUE & FEEY s 29
2 dydb v S U B FEEC $9 Hriket
2E APATFE Faste] AAsHaTh11,24,25). 5, Ad
T2 %At (normal), Bt (diabetes mellitus, DM), 200
mg/kg T FEEo T3 Allium tuberosum Rottler
extracts(ATE)200, 400 mgkg FF FEES Fo3
ATEA00+, 200 mg/kg -5 Y ES Fo| 3t FATE200
12]31 400 mgfkg -5 L EES Fol 3 FATE400T7 O 2
Wrlom 7} ol suke]d virgsted skt o] =
APL (AT A2 vho] QA AFHAY =P
29939 59(59¥M 3 BHCC-IACUC-2013-12)<
ol e | ATt

A AR X%

<=3} 2 AL7)7ko] A\t 3, normali @} DMtol|= A
A AFLE AT 63 ATE200:+7 ATE4007-9 & F-5=
FZ5S 7H7} 200 mgjkg, 400 mgkg FEE 750 319
o1, FATE200:7-%} FATE40070l| & H-3 W g =S 7tz
200 mg/kg, 400 mglkg TEZ ATFA] Stk AEA s
A 2194 200 Lol ZF R A sk 75 Bt ujd
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71 71(Accu-Check  Active, Roche Diagnostics, Basel,
Switzerland) 2 32 =% 3519ith @9 F7Ee A7)
Alde] 3 7 Fo HFT o st dHstE

E

7} AT mice®] =T WA sS B8] st A
A TR AT 7 ot AAFE AAISIITE 12413 A4
AlZ] micedl] glucoseE 2 glkg body weight®] &2 73
TFolala gL 0, 30, 60, 1205 7H2 o7 me]% wof A
AH ] @ s=E ST 7 ok HAled mE
a4 W2 (area under the curve, AUC)S ©l2fjo] &4]&
o] g-3te] A= skATH26).

AUCogrr(mgxmin/dL)={(M2+M1)/2}+{(M3+M2)/2}+{(
M4+M3)/2}
(M1=03, M2=303, M3=603, M4=120% 77} o] H)
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-5 3000 pmol|A] 1587 A Eele & S g5
31 Mouse Insulin ELISA Kit(Shibayagi, Gunma, Japan)E
o] &3] A Y insulin F =5 =433} Anti-insulin
coated 96 well platecl] 3 10 pLE ¥ 11 20~25Coll A 24]
b &<t A7 5 washing buffer® 43] A|Z sttt THA|
HRP conjugated streptavidin 100 L& ‘231 20~25Tol A
30E7F v ket o] thA] 43] A A BIATE o]0 substrate
chromogen reagent 100 ULE- ¥ 1L 20~25CollA] 20823t vl &
gk 2 50 uL9] reaction stopperE 3716+l multi microplate
reader(infinite M20OPRO, Tecan, Ménnedorf, Switzerland)E
o]-8-3}o] 450 nm(reference wavelength, 620 nm)l| 4 &3
=5 stk

I U] glucagon-like peptide(GLP)-1 &=+ GLP-1
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A 308ERE wigs & oAl AlFsEITE miREe R
chromogenic substrate reagent 50 ULE 2 3L 20~25TCol| A
3087 vikgk & 50 L2 reaction stopperE 3 7}SFaL

multi microplate readerE ©]-83l] 450 nm(reference

wavelength, 620 nm)°l|X =5 5%t
SAHE4
Ae Ayle] FAS statistical package for social

science(SPSS, 12.0, SPSS Inc, Chicago, IL, USA)program-=-
o] &3t 7|=A <l TAAE =Stk Ay 2t A9
T P+ R THAR FABIR o, Ht 1] o2

one way ANOVA 7352 %3 Duncan’s multiple range test

2 p<0.05 FFolA A8
Zdnt g jE
2E FEE UEE st #F MY
3 328 TEE S A kel A2 918
B3 3289 L acidophilus, L plantarum, L casei 7752
2 A Fetar 484 ]7J T A<, pH, e E SH 8T

(Table 1). 53 3257} vy A] 33 BT B §AHF
o I g S pHE Fastgon, Aws
Z7tE 9k olEd pH A 2 AR F7te L

acidophilusE 73 &3t 7ol V|3 L plantarun®} L. casers
AEE oA o 2 YERsith 753 BE S o #F
ASANM%E L acidophilus(3.95%10° CFU/mL)l H|&l] L
plantaruni2.60x10” CFU/mL)¥} L. casei(4.20x10" CFU/mL)
7B fretsith HETE A EW Aaktel ola PR
714k o8] WFE] A= Z7LETh28). kA L

Lol A AEd A BAE FRgoE BF
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(Table 1). 75 F+5=9] @X}% Ahn 5(29)¢] 413}
A Ao}l FARSE 24.7441.42% 2 UrE‘r‘/"E} > UEE
A, L acidophilusE 753 3 S E = 15.32+
212%% F5 FEEEY A 7@*"4*“’1 Aot JAIRE L
plantarun(64.71+0.64%) 2} L caseid4.7240.61%) % A%
gk Zfoll= oF 28)) o] TUtEE RS AR %]\i’i‘;}.
Jeong 5(30)2] ATFelA ikt & A= enA &
o] AkstA E44H Beelloll A Ql&d EH] JHAAIZ &+ 3
3 B3 et oW, enjat FEEL] AAE TS
plantarum &3 F5F YEEY AR 5 oAtk whet
/\1 L plantarums &3 F3 U8 %«] ARgd e 3
ol {24 EJJrE ‘3—:137;_1 TF U= A2 Azt ozl
1’4— 24 superoxide anion radical 2~ 5N A= L caseis
HEe B3 28 AT 63.07t12.71% % ¢ FEE
(51.16+8.32%) Wt} =/ Yl o™, L acidophiluss &
o B3 T EE4.1:0.96%)°1 = 238 A AU
t}. A5} superoxide anion radical £~7 52 S-S
BIALSL 2 o) 2o)= T AQ] HhHo 2 A oA gith
AFsHA 2E# 27F Fozl AW B el M= Al 2
o] Wslslar Al Apdo] doju} AA o g X 2=
o gk A& FH5o] THagt3l). Kim 5(32)2 ¢&
g EHE AstE #AY axol F4EkAQ] vitamin E, a
lipoic acid®] 2] A] Aks}H ~E# 2o o3t A &4
WAste] laed 4] FelE BA & 5 dvka Baske]
o} wheba “7] AT e FF FE 54 L plantarum
2 L casers ©|-83F &g /\] SN AATS 57]—/\]?"

o 2 3}lAsl S0 © ozl 2= 9] H
plantarun®} L casei 75 HEEo) 9o pHO} A ¥Ast= #i_ © L_ﬁr 2ol H = Ji- ZE ':f fﬂ o~e
R o] ikstA Al 284 °ﬂf*a = S AL
B3 FE25\M L acidophilus5.T} L plantaruni®} L casei ) o

= gool 1 o o o1 pHe| AsHe ot o)g W] g ehm P4
9] o g‘ﬂrO] ﬂ :Tﬁ‘oﬂ W}E‘r 137 g2 & 09:]' Qoi Aol ‘j]';?‘._ﬂ- oJ ol U} 6]_]:]_(33) o]Z zrote B u. L
Uehd dztz gzE o). s A<kl = W, L
Table 1. Effects on cell growth, pH, acidity and anti-oxidative activity of Allium fuberosum Rottler extracts fermented with lactic acid
bacteria
X . L S ide ani
Group Viable cell (CFU/mL) pH Titratable acidity DPPH (%) - di;ﬂ)e;g;%eigﬁm;%)

NE - 6.260.01” 0.250.03 24741142 51.1618.32

L acidophilus’ 3.95x10° 491001 0.660.01 15.3242.12 4.10£0.96

L plantarun?’ 2.60x10" 3.67+0.01 1.880.03 64.710.64 3371643

L casel 420x10" 3.66+0.01 1.7120.06 44.72+0.67 63071271

UNJE : Allium tuberosum Rottler extracts (ATE).

YL acidophifus : ATE incubated for 2 day at 37°C after inoculating L acidophilus.

L. plantarum : ATE incubated for 2 day at 37°C after inoculating . plantarum
L casei . ATE incubated for 2 day at 37°C after inoculating L casei
MWalues are mean+SD of three replications.
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shH, pH A5t} A= S71E Sl o] By
U F3 TF Ao it S7F A1 + A
L p]antarwszr L caseiz 75 FEE9 YR E 9 &
= Adsisitt

83 F&E89| L. plantarum®} L. casefg 0|88 £3dE

75 H]'E_E Az o] & 2 #F5 T L] sl
L p]antarunpjr L casei 75 27t JES 7+ LEE
9 T #FE FA HETS 5 HRES] FAaksd
e 4 ﬂ£ ZAFFATHTable 2). §5F FZEE L
plantarun®} L casers 3 E3taL 48417t Fof pHE 57 S
A3}, H3F F35E(629+0.00)7 ¥ A L p/amarm@— A
3 B3 B g5 (3.61:001), L. caseiS HE3 5 g
E(3.61£0.00), L plantrun®} L caseis 57 Oﬂ HE3 23
g 5(3.59+0.01) 2% pH7} #HAaste] o, l‘f*"zr%}i‘._%
o] pHE A2 AT Ate S 243 E 75 3R
Al F71= e, pHeF FdatA 5 dEE /\}O] =
& Apol 7} VERA] 29ttt pHE} *}‘:«] SHARE &
W, L planarum®}t L caserg E33te] §5 TR A o4
Hele 3 @ 4 gtk

el ¥3 35

L plantarun®} L casei 775 5% 5 T
B2 OE A, 3t &g disl AUAA 23E 7 e
A gRleldet. 4, - FE2E 9 75 28 E(1 mgml)
= ol&st] AAFA TS A A3, B3 FEEA

= 24.8240.31%, L plantarum® L caseiz & T} &3}
BHEAR B3 FE2EME 46.70:0.61% = TE] <8
AAF T 571 9o\ L plantarum G 52 9
Bk 75 HEEA A9 AR T Wekth Ao
ST FUe FRO 3 FEE Y P UEES
gl superoxide anion radical &~27% =% ZAIA =
p]antarunp% L caseis & t} HZ8to] 2aA7l

8 5(60.59+1.09%) 2} Bl well 2 wl, L casel T vir

WE o B3 B EE65.1241.02%)°14 25 H =AUk x\j
2F FodEol ol @G #dFE o] &3 F5 YREHN F

9 o
N

obo_i

7 ikt S o %L 3 23 BEES vwsle] Bk
ol 37t HA= &%
g A= ]W} A LEE Ax A T
&5 )75 sty o] &
btk HaE vk 9)om(34,35), Aol L caseﬂ]r
L. plantarume 7 E3to] 3 2 & Al L plantarum 5
1k g Eoll 4] YEFUE= superoxide anion radical 7HAS UV\
B & 91807 [ phntarum® L caseis 13 WEE
Azxe] HF dFE A
BEF JAFsl] E A7 F FEAF

o of W, ¥ 3B ¥5 Gane &

rela  #E B TEEOH
Alg= AR
S 242} 348%,

340%M_U% = ZovE &Fe B3 FEE0] 102.79
mg/lOO g, - BEE0] 10291 mg/100 g & F A&
F&1 F *—ﬂiﬂ shee 2 2ol & YERNA] 2k

ME S712nt Mo|MAZ
dbydb micedl] FE=E G F S
< 753 Fojsla 7 YT Al TS 23 A
normalT-2 4.72+0.7 g, DMT 2 10.671.3 g 18|31 F
F2E 9 §F TaES Fo3% ATE200, ATE400,
FATE200, FATE4002 717} 8.68+1.5 g, 7.992.1 g,
544%0.7 g, 622+1.9 g© = YEPITHFig. 1A). BE AdT
AN A& *E‘?éﬂﬂ &<t S7FeFAAI v DMl H]sﬁ
F3 FEE Y A UEES TS AP TelA AFETt
B Uehiith 53] A wxd ¥5 %ﬁg
St TH(FATE200)°l| A= Als57ke] A&7}
YEFATHp<0.05). Az skl o] A 7o) #
st7] fl8l, & ARVt T A ALs
Aste] 159 Fete] Hat Aol4dF = vl
. Z¥zke] o] A F B normali 101.23+27.87 g,
DM 178.33+12.26 g, ATE2007 169.86+27.43 g, ATE400
T 160.43+14.24 g, FATE2007 157.53+35.97 g, FATE400
T 163984247 g0 = DM 5 55 9 75 4R E
= Folgh AT 1 *‘OVH&% o4 Apol7t glith
(Fig. 1B). dlydb mice= leptin 5= 5-8ke] Wolo| upe}

o o ij)“
5
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Table 2. Effects of pH, acidity and anti-oxidative activity of Alliumm fuberosum Rottler extracts fermented with L. plantarum and L. casei

Superoxide anion

Group pH Titratable acidity DPPH (%) radical scavenging (%)
NF 6.29+0.00” 0.25:0.01 24.824031 54824031
L plantarun? 3.61+0.01 1614007 69.81£0.53 33.89£0.58
L casel 3.61:0.00 1512005 45.12+1.02 65.121.02
L plantarun? + L casei 3.59+0.01 1.660.05 46.7010.61 60.59+1.09

UNJE : Allium tuberosum Rottler extracts (ATE).

1. plantarum : ATE incubated for 2 day at 37°C after inoculating L plantarum
)

)

w

L casei : ATE incubated for 2 day at 37°C after inoculating L casei

s

MWalues are mean+SD of three replications.

L casei : ATE incubated for 2 day at 37°C after inoculating both L plantarum and L. casei



Anti-diabetic effects of Allium tuberosum Rottler extracts and fermented extracts in type 2 diabetic mice

A u
a
12
ab ab

— 10
il ab
&
B 8
8 b
: wL b
o
=
2
| .
5
=]
I

u W——

Normal DM ATE200 ATE400 FATE200 FATE400

139

Fig. 1. Changes in the body weights (A) and food intakes (B) of the experimental groups.

The different superscripts on the bars indicate significant differences at p<0.05. Normal, non-diabetic mice; DM, diabetic mice; ATE 200, the diabetic mice treatment of 200
mg/kg/day Allium tuberosum Rottler extracts; ATE 400, the diabetic mice treatment of 400 mg/kg/day ATE; FATE 200, the diabetic mice treatment of 200 mg/kg/day Alfium
tuberosum Rottler extracts fermented (FATE) with L plantarum and L casei, FATE 400, the diabetic mice treatment of 400 mg/kg/day FATE. The data represent mean+SD

(=5 per group).
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Table 3. Blood glucose levels of non-diabetic and di/db mice to whom ATE and FATE were administered

=

B LERY TR

(mg/dL)
Week Normal” DM? ATE200” ATEA00" FATE200” FATEA400”
0 103.6£3,5™ 430.4+114° 465.6+16.1° 468.2423.3° 4374202" 452.0£21.7°
1 108.6+4.0° 5154£153° 49841165 496.6+29.4° 499.0429.4° 44444145
2 101.852" 52465135 530.0+16.2° 512.0428.8" 536.2+15.6" 520.6+10.6°
3 115.0+4.7 536.2£11.9° 543.6£12.1° 540.0£19.6° 545.0+14.9° 545.0£13.0°
4 112.6+4.1° 561.4£16.2° 540.8£14.0° 533.8£16.8° 569.014.3° 55324169
5 117.446.6" 567.2+12.4% 558.0£12.5" 51944255 5744£14.1° 556.6+10.9"
6 119.8439° 580.2+5.0° 5740+6.8° 511.2414.1° 584.047.3° 556.6+11.1°
7 1284457 580.0+6.0° 571.418.1¢ 52544133 573.616.1 548.8+11.3°

UNormal : non-diabetic mice.

DM : diabetic mice.

4

SATE 200 : Allium tuberosum tottler extracts (ATE) with concentration of 200 mg/kg/day orally administered to the diabetic mice.
'ATE 400 : ATE with concentration of 400 mgfkg/day orally administered to the diabetic mice.

YFATE 200 : Allium tuberosum tottler extracts fermented (FATE) by L plantarum and L casei with concentration of 200 mgfkg/day orally administered to the diabetic mice.
9FATE 400 : FATE of 400 mgfkg/day orally administered to the diabetic mice.

MWalues are mean+SD (n=5 per group).
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Fig. 3. Oral glucose tolerance test results of the non-diabetic and dbydb mice.

The different superscripts on the bars indicate significant differences at p<0.05. Normal, non-diabetic mice; DM, diabetic mice; ATE 200, the diabetic mice treatment of 200
mglkg/day Allium tuberosum Rottler extracts; ATE 400, the diabetic mice treatment of 400 mgf/kg/day ATE; FATE 200, the diabetic mice treatment of 200 mg/kg/day Allium
tuberosum Rottler extracts fermented (FATE) with L plantarum and L casei, FATE 400, the diabetic mice treatment of 400 mg/kg/day FATE. The data represent mean+SD

(=5 per group).
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The different superscripts on the bars indicate significant differences at p<0.05. Normal, non-diabetic mice; DM, diabetic mice; ATE 200, the diabetic mice treatment of 200
mg/kg/day Allium tuberosum Rottler extracts; ATE 400, the diabetic mice treatment of 400 mgf/kg/day ATE; FATE 200, the diabetic mice treatment of 200 mgfkg/day Allium
tuberosum Rottler extracts fermented (FATE) with L plantarum and L casei, FATE 400, the diabetic mice treatment of 400 mgfkg/day FATE. The data represent mean+SD

(n=5 per group).
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