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Abstract

The abilities of instant gruel manufactured with colored barley and oats to improve diabetic conditions were
investigated using diabetes—induced mice and rats. Mice or rats were divided into a diabetic control group and
one experimental group (seven animals per group). The control groups were fed without instant gruel and ex-—
perimental groups were fed basal diets supplemented with 10% instant gruel for 8 weeks. The streptozotocin
(STZ)-induced diabetic rats experimental group showed a significant decrease in food intake compared to the
control group. Both Type II diabetic mice and STZ-induced diabetic rats experimental groups showed higher
increases in body weight than the control groups. The blood glucose levels of the experimental groups (352+12.2
mg/dL in Type II diabetic mice; 296.4+13.2 mg/dL in STZ-induced diabetic rats) were lower than the untreated
control groups (426.0%£15.4 mg/dL in Type II diabetic mice; 514.0%£17.6 mg/dL in STZ-induced diabetic rats).
The serum insulin levels of Type II diabetic mice increased by 38.3% in the experimental group (12.8%+1.1 ng/mL)
compared to the control group (7.9%+0.5 ng/mL). The immunohistochemical density of insulin-secreting cells
and glucagon-like peptide-1 (GLP-1)-secreting cells in the pancreas were significantly higher in the ex-
perimental groups than the control groups for Type II diabetic mice and STZ-induced diabetic rats. Therefore,
we conclude that instant gruel manufactured with colored barley and oats stimulates the secretion of insulin
and decreases blood sugar by activating insulin—secreting cells in the pancreatic islets of diabetic animals.
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Table 1. Composition of experimental diets (g/kg)
Type II diabetic STZ-induced
Ingredients group” diabetic groupm
Control” 10% BG”  Control 10% BG
Con starch 150 150.0 150 150.0
Sucrose 500 431.5 500 431.5
Casein 200 187.3 200 187.3
Corn oil 50 46.9 50 46.9
Cellulose 50 34.3 50 34.3
Vitamin mix” 10 10 10 10
Mineral mix” 35 35 35 35
DL-methionine 3 3 3 3
Choline bitartrate 2 2 2 2
Barley gruel (BG) — 100 — 100

UType I diabetic groups: C57BLKS/J lar—+Lepr®/+Lepr™®.
?)Streptozotocin*induced diabetic group: Sprague-Dawley (SD).
YControl: Diabetic control group fed with basal diet only.
?10% BG: Experimental diet group fed with basal diet+10% BG.
YAIN-76 vitamin mixture.

% AIN-76 mineral mixture.

Table 2. Mixing ratio of instant barley gruel for diabetic pa—

tients (Unit: %)
Ingredients Instant barley gruel (BG)
Black barley 61
Oat 50
Unpolished non-glutinous rice 15
Auricularia 4

Table 3. Component analysis of instant barley gruel for dia-
betic patients

Components” Contents
Carbohydrates (%) 63.76 +-1.25”
Crude protein (%) 12.69+1.03
Crude fat (%) 3.10+0.51
Dietary fiber (%) 15.73£0.78
Saccharides (mg/g) 6.76+1.01

Analy31s were performed according to the AOAC method.
YData are presented as means=®SD of three times independent
experiment.

AssEel gzt R
APERE P UL 9ste] SDA FAAAE 164

45)9) FeIA BFA Sich Fwd % FAe STZ
FAF F UAzre] e Foll B9 wolA APstel A
49 FBe Aol AHgserh



dS A H 3 o2 LA (ACCU-CHEK, Mannheim, Ger—
many)2 89S SAH I, 1 T AFFEY AT W

£ =389

Z= LH gucagon lke peptice(GLP)-1 THAEISM|Z
2} insuiin 2H|MZS| T Ziezo| His| HiE
Type 0 B=d =Y MFH(C57BLKS/] lar-+Lepr™/
+Lepr”)9} STZE G S %HELA]?J SDA gF A A=
W GLP-1 ¥yt x THIA XS] Hels T
S gt /é] 3%%5 AgH 71 EA
SRS Fog B4 #FY AGS A3t AEd A
Xo] gAaAdE vl dH e #HFE-LS Bouin's sol-
7t 14 DA A FES AU
ol 9t FA F @A S 74?4 paraffin® 2 Xuj
393, 7 ime] AHE A et AgES Yl EEfol=o
FZAAZ v Wz A 358 daS "]BBO}“U} Wz
gtsl dMe A=A HH Z2FS 01 M phosphate buf-
fer(PB)Z A &3k, 0.3% HAikst4-248 ‘%— 2 g A Y
A A Q1 peroxidaseE A ASIHTH 1 T H|Eo]A] WA
W8-S AA 7] A3t 1217 T 1% q/‘Wé‘zé(norrnal
serum)¥ 0.3% Triton X-1002.2 A g]3tgth. AZ3 BN =
221 anti-mouse GLP-1(Sigma-Aldrich, St. Louis, MO,
USA)3} anti-rabbit insulin(Sigma-Aldrich)E Zz}2} 1:4,000
3} 1:200,0008.2 3]st} 22 Mo Holjmd F A2
A 12217 Bt HHSAI AT whgo] Ed A HHL A2
A 1583 0.1 M PB= 23] Al A7 $ Hsu 5(16)2] el
u}2} 2% &0 biotinylated anti-rabbit IgG(Vector
Laboratories, Burlingame, CA, USA)E 1:2002.2 3] X3}
of Ao 123 wEAIZ T B 1583 0.1 M PBE
23] 71% FAFRAHS AR F peroxidase’t EAE ABC
(avidin-biotin complex, Vector laboratories, Burlingame,
CA, USA) &) 1217t RESAIAS. 2 F 4] 01 M PBZ
1583 23] S=A181az, 30 mg9] 3-3’ diaminobenzidine(DAB,
Sigma-Aldrich)& 150 mL2] 0.1 M PBell =<1 8-<fof A
AN & JAEFEAS 0005%7F s Hoe)
Zao] rAukg-S of 587 Al It whgo] £
g9t FHsE AR

H
[e]
o et don BASAL

9&d wx9 =HL Type I =4 =2d A
(C57BLKS/J lar—+Lepr®™/+Lepr™) 2] &= o)A mouse in-
sulin ELISA kit(Shibayagi, Gunma, Japan)Z ©]&3}o] =
A3At} 96 well plateo] anti-mouse insulin antibody (100
ul/welD2 4°Col A a9 Z'AIZ 5 96 well plates
wash buffer2 33] A 2]3}a1, biotin conjugated anti insulin
antibody (100 pL/wel)E 713+ 3 3087F vk A #AT &

2 2 EFENE well T 10 uLA 7hate] A-oA 242F

_1:-_‘4
T
ich
10
&
ich
i
9
o
b
oft
£
S
X
o
AN
x
=)l
Lo
oft
=
?j

AES 887

W& A)7] S wash buffer® 33] A& 35tk HRP con-
jugated streptavidin solutione Z+ well B 100 nL® A 7}s}
of Ao A 30E7 A F 33 AlFE §H 7EEA S

100 uLA 7}ate] Ao x] x}gA)Z] ohS 308 7F WAl
o} &2 F 100 L9 stop solutiong 7F3ke] W8-S A XA
7131, ELISA readerE ©]83}] 450 nm 33 oA T3 =S
ERc Ay

SAXzE]

EE A8 < mean+ SD(standard deviation)Z EA]8}51

o 7 A 3te] A3 ANOVA 2 Duncan’s multi-

ple range testZ ©] &3l p<0.05 FFAA FoA AAS
A T
Zot 3 pE
12 AfZMF[ED HSe| #HE
FuAE SHF HrMolrt AFEEY] 19 /\}EG‘S
HZol| v X FFL Fig. 1o YERAITE Type I 2

29 A (C57BLKS/J lar-+Lepr®/+Lepr™) ¢} 19 A}EH
AL Hale 7| BAIRE o8 g 2F G511 9T AF
T(5.1£0.3 g) 7ol FYHQI ztol & HolA oy (Fig.

(A) 70 f

ol ]

5.0 A

4.0 A

3.0 4

2.0 A

Amount of food intake (g)

1.0 A

0.0
CON 10% BG

30.0 7

C

25.0 A T

20.0

15.0 A

10.0 ~

Amount of food intake (g)

5.0 4

0.0
CON 10% BG

Fig. 1. Food intake in diabetic mice and rats fed the ex-
perimental diets in diabetic mice and rats for 8 weeks. (A)
CON: Type II diabetic groups (C57BLKS/J lar—+Lepr®/+Lepr®)
fed with basal diet only. 10% BG: Type I diabetic groups (C57
BLKS/J lar—+Lepr®/+Lepr™) fed with basal diet+10% BG. (B)
CON: Streptozotocin-induced diabetic group (SD) fed with basal
diet only. 10% BG: Streptozotocin-induced diabetic group (SD)
fed with basal diet+10% BG. Data was means+SD (n=7). 'Bars
with asterisk are significantly different (p<0.05).
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Fig. 2. Body weights in diabetic mice and rats fed the ex—
perimental diets in diabetic mice and rats for 8 weeks. (A)
CON: Type II diabetic groups (C57BLKS/J lar-+Lepr®/+Lepr®)
fed with basal diet only. 10% BG: Type I diabetic groups (C57
BLKS/J lar—+Lepr®/+Lepr™) fed with basal diet+10% BG. (B)
CON: Streptozotocin-induced diabetic group (SD) fed with basal
diet only. 10% BG: Streptozotocin—-induced diabetic group (SD)
fed with basal diet+10% BG. Data was means=+=SD (n=7). "Bars
with asterisk are significantly different (p<0.05).
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Fig. 3. Changes of blood glucose levels from diabetic mice
and rats fed the experimental diets in diabetic mice and rats
for 8 weeks. (A) CON: Type I diabetic groups (C57BLKS/J
lar—+Lepr®/+Lepr™) fed with basal diet only. 10% BG: Type I
diabetic groups (C57BLKS/J lar—+Lepr™/+Lepr™) fed with basal
diet+10% BG. (B) CON: Streptozotocin-induced diabetic group
(SD) fed with basal diet only. 10% BG: Streptozotocin-induced
diabetic group (SD) fed with basal diet+10% BG. Data was
means +SD (n=7). "Bars with asterisk are significantly different
(p<0.05).
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Fig. 4. Serum insulin level in Type II diabetic mice fed the
experimental diets in diabetic mice and rats for 8 weeks.
CON: Type II diabetic groups (C57BLKS/J lar-+Lepr™/+Lepr™)
fed with basal diet only. 10% BG: Type I diabetic groups (C57
BLKS/J lar-+Lepr®/+Lepr®) fed with basal diet+10% BG. Data
was means+SD (n=7). "Bars with asterisk are significantly dif-
ferent (p<0.05).
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Fig. 5. Photomicrograph showing insulin immunoreactive
cells in pancreatic islets after oral administration of ex-
perimental diets in diabetic mice and rats for 8 weeks (x300).
(a) Type I diabetic control groups (C57BLKS/]J lar-+Lepr®™/
+Lepr™): fed with basal diet only. (b) Type I diabetic 10% BG
groups (C57BLKS/J lar—+Lepr®/+Lepr™): fed with basal diet-+
10% BG. (c) Normal pancreas (non-diabetic SD rats): fed with
basal diet only. (d) Streptozotocin—induced diabetic control groups
(SD): fed with basal diet only. (e) Streptozotocin-induced diabetic
10% BG groups (SD): fed with basal diet+10% BG.
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Fig. 6. Photomicrograph showing GLP-1 immunoreactive
cells in pancreatic islets after oral administration of experi—
mental diets in diabetic mice and rats for 8 weeks. (a) Type
I diabetic control groups (C57BLKS/J lar-+Lepr®™/ +Lepr™): fed
with basal diet only. (b) Type I diabetic 10% BG groups (C57
BLKS/J lar—+Lepr®/+Lepr™): fed with basal diet+10% BG. (c)
Normal pancreas (non-diabetic SD rats): fed with basal diet only.
(d) Streptozotocin-induced diabetic control groups (SD): fed with
basal diet only. (e) Streptozotocin-induced diabetic 10% BG groups
(SD): fed with basal diet+10% BG.
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