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Abstract
Type 2 diabetes mellitus (NIDDM) is a metabolic disorder that is characterized by high blood glucose in the

context of insulin resistance and relative insulin deficiency. In order to control the type 2 diabetes mellitus,
anti-hyperglycemic effect of Triticum aestivum L. water extracts (TAWE) was investigated in 7 week old male
diabetic C57BL6/J-0b/0ob mice. For the experiments, the diabetic animal model 0ob/0b mice and non-diabetic
animal model lean mice were divided into 3 groups: non-treatment control group (Control), and two experimental
groups orally treated with 25 or 100 mg/kg/day dose of TAWE (TAWE-25 and TAWE-100, respectively). The
lean mice were used as the non-diabetic normal control. TAWE was orally administrated for 6 weeks and the
diabetic clinical markers, including blood glucose level, body weight, organs weight and insulin level were
determined. The oral administration of TAWE-100 in ob/0b diabetic mice significantly decreased blood glucose
level (78.4%) and body weight (11.9%) compared with diabetic control group. The weights of organs, including
spleen, liver, kidneys, heart and lung were not different among groups, while the treatments of TAWE-100
in ob/ob diabetic mice significantly reduced blood total cholesterol (24.35%) and triglyceride (23.97%) levels
compared with the diabetic control group. The levels of serum insulin and glucose tolerance were improved
after TAWE-100 treatment in ob/ob diabetic mice. Moreover, the immunohistochemical staining for insulin de—
tection in pancreatic islet B-cells expressed high level of insulin in TAWE-100 treated ob/0b mice. From the
above results, the intake of TAWE may be effective in anti-hyperglycemia by the attenuation of glucose and
lipid levels. TAWE-containing diets or drugs may be beneficial for controlling diabetes mellitus type 2 in human.
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Table 1. Proximate composition of 7. aestrivum L.

Composition (%) T, aestrivum L.

Calory 4479 kcal
Carbohydrate 491+0.01
Saccharide 0.59+0.01
Protein 4.78+0.04
Fat 0.67+0.02
Saturated fat -
Trans fat -
Cholesterol —
Natrium 2.50+0.04

Values are mean=SD.

o] &3}l two way-ANOVAZE EAslx Hi
22 A8 General linear model(GLM)S
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Table 2. The change of body weights in TAWE-treated lean and ob/0b mice

sol g - o] - Ah7]

Body weight (g)

D
Group 0 week 1 week 2 weeks 3 weeks 4 weeks 5 weeks 6 weeks

Control 2314127 45+1.3 246+1.1 249+1.3 25.6+1.0 259+1.2 26.1+0.9

Lean TAWE-25 23.3£1.0 242+19 247+1.2 25.1+1.3 255+1.2 258+1.0 26.1£1.0
TAWE-100 234=+1.1 242+1.4 249+1.1 252+0.9 257+1.2 26.0+1.2 26.3+1.1

Control 54.1+2.1 56.4+3.0 59.0+35 60.7£32  636+3.3" 64.8+3.6 64.9+3.7°

ob/ob TAWE-25 53.1+2.0 545+3.2 55.84+3.3 56.1+£3.1" 57.2+36" 59.0+3.8" 59.8+£4.0°
TAWE-100 53.7+2.7 545+0.9 545+3.0 55.1+3.2" 55.9+3.7° 56.8+3.6° 58.0+3.9°

YControl: non-treatment, TAWE-25: Triticum aestivum L. water extract (25 mg/kg, BW), TAWE-100: Triticum aestivum L. water

extract (100 mg/kg, BW).
Values are means£SD (n=5).

YValues with different superscripts within a column indicate significant difference (p<0.05) by Duncan’s multiple range test.

Table 3. The blood glucose levels in TAWE-treated lean and ob/ob mice

Blood glucose level (mg/dL)

Groupl )

0 week 1 week 2 weeks 3 weeks 4 weeks 5 weeks 6 weeks
Control 102.6+3.17  109.2+4.4 110.1+4.7 115.3+3.6 113.9+4.1 1112453 112.6+3.9
Lean  TAWE-25 105.7+6.1 107.8+6.1 1155+4.1 113.2+5.3 1125+3.1 112.6+2.3 111.0+4.8
TAWE-100  1025%2.1 113.0£5.7 116.2+6.2 108.2+4.9 1165+4.8 106.3£3.6 1095+6.7
Control 319.0+59.4  380.4+112.2 433.3+95.2*Y 520.1£100.3 559.3+113.6° 559.2+£50.0° 562.5+89.3°
ob/ob  TAWE-25 307.7+532 32634864  360.1+754" 3795+84.1° 407.7+625" 42324887 453.6+96.4"
TAWE-100  3107+664  347.1+81.2  3447+937° 3252+881° 3132+77.7° 3152+624° 3153+113.2°

1)Groups are the same as in Table 2.
?Values are means+SD (n=5).

YValues with different superscripts within a column indicate significant difference (p<0.05) by Duncan’s multiple range test.
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EolF 3153 mg/dLol AT} ob/ob PF¢-2 2o 9
WHalgo] A% IRt} 814% Z718 ¥id, TAWE-25 §
oFL 4515% Z7F, TAWE-100 ool A= TAWE §
o 2FARE o] rastr] Al&ste] Fo 717 A e
wel A &HQ HAE Ho|thrt FEdole A& dReA
0.89% =718tttk o] 24 TAWE Fo71 A28 Y T&
RdoA Qo] F715 FAEH JEH SR A H A
Al7led 237t oS sttt ol Park¥ Jeong
(18)°] B33 obh/ob vh-$-2=0) HEAag T3t A3 o A
T8y ofEHom I Pl a5 Bl A FAG

Aot

o,

ol
o0

ol &
e
H _{o“
z

o
=

2

Al Aol

lo [y A e
(e}
= _l.\\'_,
o N

bri‘mlo_lur

a

Doofl o
o I

1
N
N o

Bong
2 0fy
2 1o

off
b 4
o
=

N

ll

12=

F

=z 7

v
Q
o
=
¢
W~

7ke) u)

%
A7} lean PH-2=9] 7+

=
T
o}im

R

)y O,

YA, ob/ob w229 7+
F-Al Bs) o 4148) w3
Uehgtt} o] Niall 5(24)0] Rardk iz o] why
gk 7+3o] vlgl9} Choi 5(25)0] sk STZo =
3k AF oA Gl vlste] 7k Ao A
oz o g Z7lte Balel fALS Aol

AF A B g S

WA} Lean v}

[

37 RAES

2= 2 ob/ob v}

4% A 37 o el

o Welg A3l e FES BT A,

ool w20

e X 393 ng/mL,
TAWE-25 ¥a 412 ng/mL, TAWE-100 ¢+ 3.89
ng/mLZ YEIST obob PH-2- 2T Hi F Jd€d

Table 4. Change of the weight of spleen, liver, kidneys, heart and lung in TAWE-treated lean and ob/0ob mice

G D Organ weight (g)
roup Spleen Liver Kidneys Heart Lung
Control 0.091+0.03” 1.43£0.20 0.346+0.05 0.102+0.03 0.113+0.04
Lean TAWE-25 0.085+0.04 1.47+0.21 0.344+0.06 0.103+0.03 0.115+0.04
TAWE-100 0.084+0.03 1.54+0.20 0.342+0.05 0.102+0.03 0.116+0.03
Control 0.085+0.05 5.98+0.27 0.454+0.06 0.121+0.04 0.118+0.04
ob/ob TAWE-25 0.096+0.06 5.56+0.28 0.456+0.07 0.121+0.05 0.117+0.04
TAWE-100 0.088+0.06 5.30+0.29 0.455+0.07 0.120+0.05 0.117+0.04

“Groups are the same as in Table 2. Values are means+SD (n=5).
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Table 5. The serum insulin levels in TAWE-treated lean and
ob/ob mice

Group” Serum insulin level (ng/mL)
Control 3.93+0.79”
Lean TAWE-25 4.12+0.87
TAWE-100 3.89+0.93
Control 15.60+2.31"
ob/ob TAWE-25 19.66+2.18"
TAWE-100 20.19+2.17"

1)Grroups are the same as in Table 2.

?Values are means+SD (n=5).

YValues with different superscripts within a column indicate
significant difference (p<0.05) by Duncan’s multiple range test.
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A 9] X =95 A (glucose toxicity)d Aoz A3l
o] 2= A=A (ipotoxicity)dll ol&l <l&d A
S gS gsa7le Ao A Jrh34,35). ol9}f HEH
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Fig. 1. Insulin expression levels in islet cells of pancreas of lean and TAWE-treated in 0b/0b mice by immunohistochemistry.
A few of insulin-expressing B-cells were observed in the pancreatic islet of all groups. The TAWE-100 treated ob/0b mice showed
high expression of insulin in B-cells. (Immunostain-microscopy, X 200).
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Table 6. The serum lipid levels in TAWE-treated lean and

ob/ob mice

o137

Serum lipid level (mg/dL)

1)
Group Total cholesterol Triglyceride HDL-cholesterol

Control 67.44+2.977 86.48+2.40 44.04+351
Lean TAWE-25 69.28 +3.48 88.48+4.12 47424397

TAWE-100 58.06+3.41 78.24+4.84 49.93+4.46

Control 158.35+5.31% 18351 +3.87" 42514378
ob/ob TAWE-25 139.58 +4.15° 179.51 +5.41° 51.24+3.48"

TAWE-100 127.34+ 4.64° 152.05+5.03° 55.18+4.03

‘I)Groups are the same as in Table 2.
?Values are means+SD (n=5).

YValues with different superscripts within a column indicate significant difference (p<0.05) by Duncan’s multiple range test.

Table 7. Glucose tolerance test in non-diabetic and diabetic mice

Blood glucose level (mg/dL)

1)

Group 0 min 30 min 60 min 120 min
Day 0 (before treatment)

NDM-control 102.6+5.4% 259.5+9.1 200.6+10.6 121.6+15.3

DM-control 319.7+62.1 512.3+70.0 595.3+110.3 522.1+99.1

TAWE-25 310.8+75.8 521.1+62.4 608.7+88.3 530.3£84.9

TAWE-100 307.5+62.3 537.2+94.2 621.5+96.7 523.7+67.8
Week 6 (after treatment)

NDM -control 112.3+7.3 2726+ 14.1 210.4+11.4 109.6+24.1

DM-control 562.5+123.1 684.2+108.3 699.3+97.3 623.2+93.9*

TAWE-25 506.7+87.3 599.2+78.6 614.5+63.3 527.8-+73.0°

TAWE-100 312.1+83.1 556.4+98.3 512.1+62.8 368.4+91.7°

YNDM-control: non-diabetic control mice, DM-control: diabetic control mice, TAWE-25: Triticum aestivum L. water extract (25
mg/kg, BW), TAWE-100: Triticum aestivum L. water extract (100 mg/kg, BW).

PValues are means+SD (n=5).

YValues with different superscripts within a column indicate significant difference (p<0.05) by Duncan’s multiple range test.
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