KOREAN DIABETES J 32:304~316, 2008 ORIGINAL ARTICLES

AlojAlgte] TALLYHO/Jng] A2l 3%l m|xl= 8%

HYUE - 2SI - TST - Mol - zHE - olakE

Effects of Food Restriction on Phenotypes of TALLYHO/]ng] Mouse

Won Hoon Jung, Hee Youn Kim, Seung Jin Koo, Hyae Gyeong Cheon, Sung-whan Cho', Sang Dal Rhee

Korea Research Institute of Chemical Technology; and College of Veterinary Medicine’, Chungnam National University

Abstract
Background: Food restriction has been reported to ameliorate diabetes and obesity. In this study, we
examined the effects of the food restriction on phenotypes of TALLYHO/Jng] (TH) mouse, a recently
developed diabetic model animal.

Methods: 3 week-old TH mice were divided into 2 groups (n = 20 each for food-restricted (THR) and free-fed
(THF)) and THR mice were fed the same amount of food as normal control mice (C57BL/6, n = 20). Body
weight was weekly monitored till 14 weeks of age. The half of animals were sacrificed at 8 weeks of age,
and liver, kidney, and fat weight were measured. The histopathology of liver and brown fat tissues and
mRNA expression of leptin in adipose tissue were analyzed. The oral glucose tolerance test and insulin
resistance test was done at 14 weeks of age. The plasma concentrations of glucose, free fatty acid,
triglyceride, cholesterol and leptin were analyzed.

Results: The THR mice had lower body weights than the THF mice, similar to C57BL/6 mice, with reduced
fat deposition in liver and brown fat tissue. The plasma levels of glucose, triglyceride and free fatty acid
were decreased in the THR group. The THR mice, however, carried more fat than normal mice, with
increased plasma leptin concentration and leptin mRNA expression in fats and no alteration in plasma
cholesterol levels. Furthermore, the THR mice revealed glucose intolerance with impaired after-meal insulin
secretion and slight insulin resistance

Conclusion: The food restriction apparently ameliorated the obesity and diabetic phenotypes of TH mice.
However, plasma concentration of cholesterol were not improved in THR mice with increased adiposity index
and glucose intolerance, suggesting the genetically prone tendency of obesity and diabetes development in TH
mice possibly with an impairment in cholesterol metabolism. (KOREAN DIABETES ] 32:304-316, 2008)
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2) RT-PCR #4

2Ne)-37171e] vk Bis)= Real time PCR machine (Rotor
-gene 3000, Corbett Research, Australia) 2.2 CyberGreen
e olgslo] BA=gch ubgglol= ¢DNA 3 L,
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FOE 20t G T F 2009 $H 2 AGS A
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o $704F Ao ARE E3F Primer 30 ZEIAE o 3}
of E1AQl $9Iek. Primere] FAAARL vHet 2wk

GAPDH (GenBank No. XM_132897), TGTTCCTACCCCC
AATGTGT (forward) 2] TGTGAGGGAGATGCTCAGTG
(reverse); Leptin (GenBank No. NM_008493), TTCACACACGCAGTC
GGTAT (forward) & CTCAAAGCCACCACCTCTGT (reverse)

6. ZTEESIEAL(Oral Glucose Tolerance Test,

OGTT)

7F 3% 10vlelH) 85 Bl 145l 7 7
% 941 10l QFFSIAelA Blsfelo s
ol-gslo] et 5 AYelAldgoll A7 3
2 glkgel g8Fog 7FFoddt & 15, 30, 60 G
120%0)] t}A] Adelgiey. M EE 1200 xgZ 4°CollA]
1027 QAR = g Helslo]

A9k

=
HZI et 2
E'E‘-‘«—'—%OJ—E
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Fig. 1. Effect of food restriction on body weight in TH mice. A. Body weight changes of free-fed TH (THF),
food-restricted TH (THR) and C57BL/6 mice from 3 to 14 weeks of age (n = 10 each). B. Average food intake rate. *
indicate P < 0.01, vs THF and ¥ P < 0.01, vs C57BL/6, respectively.

Table. 1. Effect of food restriction on organ weight and ratio to body weight in mice at 8 weeks of age (n = 10/group)

Tissue Weight (g) Ratio to body weight (g/100g body weight)
C57BL/6 THF THR C57BL/6 THF THR
Liver 099 + 008 142 + 0.14" 1.13 + 0.03" 484 + 042 4.82 + 033 4.69 + 0.17
Kidney 031 + 004 055 + 004" 033 + 003" 154 + 022 186 + 0.17° 136 + 0.14"
Fat
Abdominal 031 + 004 172 = 0.12" 080 = 003% 150 + 013 585 + 038 332 + 009"
Subcutaneous 030 + 005 120 + 0.10" 050 + 001F 144 + 020 4.07 + 0.16°  2.07 + 0.047
Total fat 060 + 007 292 + 020" 130 + 0.04F 294 + 023 992 + 049" 539 + 0.097
Adiposity index 0.03 + 000 0.11 + 0.01° 006 + 000"

THF, free-fed TallyHo mice; THR, food-restricted TallyHo mice. Data are expressed as the mean + S.D. * P < 0.05, vs
THF; ¥ P < 0.01, T P < 0.005, vs C57BL/6.
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‘wkE vlub o] et vehd Zlelgt & 5 ks Aotk
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715 &S EJTH(P < 0.01). THAO]ARRES] A
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CS7BL/6%} TallyHo 35| @] e winke} salsl A
]l AxS] FEEFEEE AR Ay, xed
(C57BL/6, 115 + 20 mg/dL vs TallyHo, 141 + 25 mg/dL,
P < 0.01), Z4AH(C57BLJ6, 100 + 33 mg/dL vs TallyHo,
134 £ 17 mg/dL, P < 0.01), 521AMHAF (C57BL/6, 1221
+ 352 UEq/dL vs TallyHo, 1,085 + 161 uEq/dL), & &
ZHIZ (C57BL/6, 89 = 8 mg/dL vs TallyHo, 101 = 6
mg/dL, P < 0.01), ZUEA ke ~8]E (C57BL/6, 61
+ 9 mg/dL vs TallyHo, 70 + 6 mg/dL, P < 0.05), A|U%
A ghahE |~ 2 (C57BL6, 38 + 4 mg/dL vs TallyHo, 40
+ 4 mg/dL)2A FRAA A EA g e
Aot BE AsierEel %o d5EErt AdsERE)
TallyHoollAl =2 Zlo& vehgrl AlolAlRks AAlsla
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AiEo] 878 14FelA BF 2 ZeE ek
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2, TAAY 9 fRIAAR iz o R Holgler|
Azt o] Zck At F Falul et s =g
WigElzelE 3 AdEA RS e
Z7 GolA7)E slot AfAlolrell nlsle] /MAEA]
252 AIE ekl (Table. 2). o|#3 A= 8717
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Fig. 2. Effect of food restriction on fat doposition in liver and brown adipose tissues. Microscopic appearance of liver
with H-E (left panel) and Oil red O staining (middle panel) and of brown fat with HE staining (right panel) at 8 weeks
of age. A, D, and G: C57BL/6. B, E and H: free-fed TH (THF). C, F and I: food-restricted TH mice (THR). BAT, Brown

adipose tissue.
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Table. 2. Effect of food restriction on plasma biochemical parameters at 8 and 14 weeks of age (n = 10/group)

8 weeks 14 weeks
Parameters C57BL/6 THF THR C57BL/6 THF THR
Glucose (mg/dL) 88 + 7 136 + 10" 91 + 11° 97 + 13 167 + 22" 113 + 15"
(3.8)° (4.0) @.1) (3.6) (5.2) 4.2)
TG (mg/dL) 111 + 27 394 + 55 114 + 23 134 + 22 464 + 121" 172 + 47
4.8) (11.5) 5.1 4.9) (14.3) (6.3)
FFA (UEq/dL) 1,136 + 180 1,738 = 171" 1,169 + 105° 1,031 + 206 1,608 + 381" 1,089 + 107"
(49.0) (50.1) (52.0) (37.8) (49.6) (40.1)
Total-C (mg/dL) 108 + 4 152 + 14" 136 + 10" 117 + 10 175 + 21" 161 = 9"
@.7 4.4) 6.1) 4.3) (5.4) (5.9)
HDL-C (mg/dL) 76 + 7 108 + 1" 92 + 14" 81 * 6 107 = 11" 92 + 10
(3.3) 3.1) @.1) (3.0) (3.3) (3.4)
LDL-C (mg/dL) 25 + 4 35 + 5 29 + 3" 24 + 3 33 + 8§ 30 + 6
(1.1) (1.0) (1.3) (0.9) (1.0) (1.1)

FFA, free fatty acid; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; TG,
triglyceride; Total-C, total choleseterol; THF, free-fed TallyHo mice; THR, food-restricted TallyHo mice. Data are
expressed as the mean + S.D, * P < 0.005, vs THF; ¥ P < 0.005, vs C57BL/6. " is the value corrected with its body
weight (/g).
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Fig. 3. Effect of food restriction on plasma leptin concentration and mRNA expression in adipose tissues at 8 weeks of
age. A. Plasma leptin concentration (n = 10 each). B. mRNA expression of leptin in subcutanous fat tissue (n = 4 each).
C. mRNA expression of leptin in reproductive fat tissue (n = 4 each). *, ¥, and ¥ indicate P < 0.05, P < 0.01, and
P < 0.005, vs THF, respectively and §, P, and **, indicate P < 0.05, P < 0.01, and P < 0.005, vs C57BL/6, respectively.
THF, free-fed TallyHo mice; THR, food-restricted TallyHo mice.

309



KOREAN DIABETES J 32:304~316, 2008

A
700 H
600 —=— C57BL/6
= —&—THF
2 0] p —4—THR
g t !
% 400+ e I
8 : i
E] It
2> xkl
-
g \I o
g 200 4 — &
o T
100 ]
0 T T T T ' T T T T T T T & T T T T
0 15 30 45 60 75 90 105 120
Time(min)
B 700 4
600 I —a— C57BL/6
—~ \
- | ¢ —e—THF
S 500 —a—THR
g - y
B -
3 : I\* J
® 30 1%
— l\l \
o
2 204 ] ¥
—_— %
8 1
100
L
0 T T T T T T T T T
0 15 30 45 60 75 90 105 120
Time(min)
C
2000
I —=— C57BU6
= 1 —e—THF
£ 1500 —A—THR
[=]
(=8
z
5
g 1000
5
g 500 }\I\I
4 \
< /|\2:§j§
= 1
oO—7T——7 7T T 7T T T T 71 71
0 15 30 45 60 75 90 105 120

Time(min)

AUC of Glucose(mg/dL*120min)

AUC of Glucose(mg/dL*120min)

AUC of Insulin(pg/mL*120min)

pg/mLZA] 380 + 200 pg/mLQ] thzxtol| ulsle] 138 A
= =93 AolAg A= 2,150 + 720 pg/mLEA] ti=
Tol] Hlsed oF 5] A H2 ATE HolA] Ao|ARle
ozle] % Rl srt YolAVE silont thEaRkE
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Fig. 4. Effect of food restriction on glucose intolerance and insulin secretion. A. Oral glucose tolerance test (OGTT) at

8 weeks of age (n =
weeks of age (n =

10/group) (left) and. Area under the curve of glucose (right) at 8 weeks of age. B. OGTT at 14
10/group) (left) and Area under the curve of glucose (right) at 14 weeks. C. Insulin secretion during

the OGTT at 14 weeks of age (left) and Area under the curve of insulin (right). *, ¥ and ¥ indicate P < 0.05, P <
0.01, and P < 0.005, vs THF and § P < 0.005 vs C57BL/6, respectively.
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7383& Hlvh (data not shown). Ao JeERJ) (Fig. 4A and 4B, 2% 19)|Z), s}A|uk
AEle Wi Amzse] sleie] wWHekS = CSTBL/6e] MSMAIE oftlel W Aet Y Anke n

A% A3 sjebaelAe] AElEe ol ulel A olFich oful 4IRS 248 Az Lrdsold o

Aol Tl 108) A% olglon) AolARbIolAL 0] &l SNl Qe Mo naT SRoz: s

o Az Agaolzol Hlee] Aisiglom (Fig. 38), A Skkeh(Fig. 40)

SR AREEE Anselidc s B 6. AlOIHIBI0| QISEIKEA0) DIRlS 2zt

=oHA A HeolARTeME 1 A7t 1000 2 7

2 Aol ol vsle] wkilzko] ZRaiglehe A o AolAlgte] QiR Aell vAE dake 247 9]
% 9I9le} (Fig. 30). ool THAol GRS AFo] thzTs} g 145wl

AeAPYARS Al JE-1E 054 Ukl &

5. Alo[HIE0] SHELKMO 0Ixls gt . B
K == Foz AR ¥ 247 Bhe| WFEEY B =

Alo]Agte] BEUAdell niXE dgs Fds] flsled Al 2 A} Aol Ao YFE e EETt A2 o]l
737 FH5EAE (Oral glucose tolerance test; OGTT) S 85+ Hlsle] AxfslAl awe] e As & T A (Fig.
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