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Zinc deficiency is associated with widespread disturbance of animal
body functions. In the present study, the focus of research is on the
influence of zinc supplementation on hyperglycemia and leptin production.
Zinc supplementation significantly reduced the hyperglycemia of
genetically obese (ob/ob) mice. Inin vitro studies, zinc given aone or zinc
with insulin significantly increased the glucose uptake and lipogenesis in
adipose tissues of |ean and obese mice, respectively. Zinc supplementation
significantly elevated circulating leptin concentration and reduced food
intake and hyperglycemiain both streptozotocin-induced diabetes and
sucrose-induced diabetes. The in vitro studies on both mouse and human
adipose tissues also show that zinc significantly enhanced leptin
production. In this study, the pattern of circadian changesin plasma zinc
and leptin did not differ between obese men and their lean controls, with
an inverse correlation between plasma zinc and leptin concentration. It
appears that the decrease in plasma zinc just prior to the increase in plasma
leptin suggests that zinc uptake by adipose tissue is essential for leptin
secretion. Furthermore, it was found that neuropeptide Y-induced
hyperphagia was significantly attenuated by zinc treatment in normal mice.
In summary, this work indicates that zinc is amediator of leptin production
and glucose homeostasis.
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Stunkard and Wadden 1993, Gibbs 1996] (BMI,
kg/m?) 26.4 15 % [
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[Barsh et al. 2000] [Hill and Peters 1998]
[Bray 1999]
[James

1984, Sclafani 1991]

( ) [Bray
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Friedman and Leibel 1992] (neurotransmitter)
Y (neuropeptide Y, NPY)
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(cholecystokinin, CCK) 5- (serotonin, 5-HT)
[Flier and Maratos-Flier 1998, Woods et a. 1998, Schwartz
et a. 2000] 5

[Blundell 1992, Wellman 1992, Bray and Tartaglia 2000]
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% ( ) (thermic effect of
food)
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( obligatory thermogenesis)

(facultative thermogenesis)
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susceptibility) [Comuzzie and Allison 1998, Barsh et al. 2000]
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melanocortin 4-receptor  peroxisome proliferator-activated
receptor (PPAR) (leptin) [Perussel et a. 1999, Bray 1999,

Chagnon et al. 2000]

(tumor necrosis factor-alpha, TNFa)

(free fatty acid)
(hyperlipidemia) (hyperchol esterolemia)
[Reaven
1988, Jung 1997, Kopelman 2000]
(hyperinsulinemia)
(lipolysis)

(gluconeogenesis)



(Leptin)

( ob/ob db/db falfa
) (
) [Bray and York 1971,
Herberg and Coleman 1977, James 1984] ( ob/ob db/db

faffa )

(aloxan)
(streptozotocin)
[Grodsky et a. 1982]
ob/ob
(ob; lep) — [Zhang et al.
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1994] 40 ob/aob

8 [Albu et a. 1997] ob
167
16 kDa
( Y AGRP
CRH )
(lipostatic factor) [Friedman
and Halaas 1998] ob/ob ob

ob/ob

[Campfield et al. 1995, Friedman and Halaas 1998]
20 Dr. Coleman
ob/ob  db/db

(parabiosis) ob/ob db/db
[Coleman 1978]
db/db

(db; lepr)

[Tartaglia 1997] db/db
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(hyperleptinemia)
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(leptin resistance
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(hypol eptinemia)
(10-30
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(insulin-like activity)
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Ezaki 1989, Shishevaet al. 1992]
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mitogen-activated protein kinase)
(glucose transporter) [Ezaki 1989,
Lin 1998, Tang and Shay 2000]

[Collipp 1984]
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1993, Gibson et a. 2000]

(hypozincemia) (hyperzincuria) [Chen et al. 1995]

[Chen et d. 1997]

[Collipp 1984]
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[Begin-Heick et al.

1985, Kennedy and Failla 1987]
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[Sandstead and
Egger 1997]
[Haglund et a. 1996] B
B [Bray and Bettger
1990, Sprietsma and Schuitemaker 1994, Chausmer 1998]
capase B

[Ho and Bray 2000]
[ Sprietsma and Schuitemaker

1994, Sandstead and Egger 1997]

[Rossetti et a. 1990, Shisheva et a. 1992]

[Begin-Heick et 4.
1985] McClan
[McClain et a. 1993] 36
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Y (orexigenic factor) [Sahu
and Kalra 1993, Kokot and Ficek 1999] Y

Y

Y [Selvaiset a.

1997, Lee et al. 1998] Y

[Kanarek and Orthen-Gambill 1982,
Kanarek et al. 1987, Sclafani 1991]

[Bock et al. 1995]

(circadian
rhythm) [Hetland and Brubakk 1973, Chen and Lin 1993, King et al.
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1994]

[Vdlee and Falchuk 1993]
24
[Maffei et al. 1995, Sinha et

a. 1996, Licinio et a. 1997, Matkovic et al. 1997]

[Chen et a. 2000]

[Mangian et a. 1998, Mantzoros et a. 1998]
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(C57BL/6J-0b/ob, obese)
(C57BL/6J-+/7?, lean) (Jackson Laboratory, Bar
Harbor, ME, USA)
(22 ) 12/12 ( 6 ) (Purina
#5001, St. Louis, MO, USA, 44 mg/kQ) ( )
Sigma Chem Inc.,

St Louis, MO, USA

8 (obese, lean)
( 20 mM ZnCl,, Merck, Darmstadt, Germany)
6 8
8 12
( 1g /kg )
30 60 90
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(dislocation)

(SA-2, EM-SCAN Inc, Springfield, IL, USA)

(glucose
oxidase) (APEC Glucose Analyzer, APEC
Instruments, Springfield, IL, USA)

(radioimmunoassay RIA) (Insulin-CT, CIS Bio
International, Paris, France) % (Cobra Auto-GAMMA,

Packard, Springfield, IL, USA)
(IL-551, Instrumentation Laboratory Inc., Wilmington, MA,
USA) [Falchuk et a. 1988, Chen et al. 1991, Lin et a. 1992]

10

(InstraAndyzed, J.T.Baker, Phillipsbarg, NJ, USA)

(standard reference
materials, bovine liver and oyster tissue, NIST, Gaithersburg, MD, USA,;

Seronorm serum and Seronorm urine, Nycomed, Oslo, Norway)



20 24

(obese, lean) (
+ ) 8 6
10 mg (collagenase) 3 mL Krebs-Ringer
HEPES (1.5 mM glucose, 136 mM NaCl, 4.7 mM KCI, 1.25 mM

MgSO,, 1.25 mM CaCl,, 10 mM HEPES, pH 7.4) 37
60 Krebs-Ringer HEPES
(lipogenesis)
(lipolysis) [Rodbell 1964]
MTT (3-(4,5-dimethyl-thiazol-z-yl)-
2,5-diphenyl-tetrazolium bromide) [Denizot and Lang 1986]
(Boehringer Mannheim, Mannheim, Germany)
3 (0.5 mM)
97 %

10 nM 0.2mM

[Carnie et al. 1979]
[U-*C]-glucose

(5x10* cells/mL) 0.2 mM (



+ ) ( )

30 (37 ) [U-¥C]-glucose  (10.6
mCi/mmol, 0.15 mM) 20 nM (
+ ) ( )
Krebs-Ringer HEPES 1 1M
/ (viv=2/1)
B (2200CA Tri-Carb, Packard, Springfield, IL, USA)

(5x10" cells/mL)

( 0.2 mM 20 nM + )
1iM (isoproterenol) 1
(37 )
[Jooly et al. 1978] (spectrophotometry)

(Merckotest, Merck, Darmstadt, Germany)

Shisheva
[Shisheva et al. 1992] (5x10” cells/mL) (
0.2 mM 20 nM + )
30 (37 ) 3-O-[*C]-methylglucose (47000
cpm/nmol, 0.1 mM) 10

(phloretin) B (2200CA Tri-Carb, Packard,
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Springfield, IL, USA) 3-O-[*'C]- methylglucose

(ANOVA) Student’ s
t-test (SAS, Statistical Analysis System
Institute Inc., Cary, NC, USA) p

0.05



(C57BL/6J) (
) (22 ) 12/12 (
6 ) Y
Y [Kalra et al. 1990]
10
Sigma Chem Inc., St. Louis, MO, USA
3 ( Y Y +Zn
) 6 Y ( 200
ng/day/mouse, Calbiochem, San Diego, CA, USA)
Y 0.2 mg Y 100 mL
( 21g/mL) Y
5 0.1 mL Y
(0.1 mg ZnSO4/mL, Merck,
Darmstadt, Germany) (
: ) ( )
9

10

2€



(SA-2,
EM-SCAN Inc, Springfield, IL, USA)
(triacylglycerol) (free fatty acid)
(spectrophotometry) (Boehringer Mannheim,
Mannheim, Germany)
(GA-O3T, A&T, Tokyo, Japan)
(IL-551, Instrumentation Laboratory Inc., Wilmington, MA, USA)

10

(InstraAnayzed, J.T.Baker, Phillipsbarg, NJ, USA)

(bovine liver, NIST, Gaithersburg, MD,
USA; Seronorm serum, Nycomed, Oslo, Norway)
Tukey’ s multiple comparison
Mac StatWorks 1.2 P

0.05



20 % (BMI) 28

5 (  BMI=30.1 =

20.7-329) 5 (  BMI=215 = 10.8-22.4)

8 12

8:30 12:30 18:30

( = 1750 kcal/day 55 %
30 % 15 % )
10.8 mg
(GA-O3T, A&T,

Tokyo, Japan)
(enzyme immunoassay, EIA)
(enzyme-linked immunosorbent assay, ELISA)

28



(AIA600 human insulin, Tosoh, Tokyo, Japan;
Quantikine human leptin, R&D Systems, Minneapolis, MN, USA)

(IL-551, Instrumentation Laboratory Inc.,

Wilmington, MA, USA) 10
( 24
) Student’ st ( ) (
) Mac StatWorks 1.2

p 0.05



1.

Pineiro [Pineiro
et a. 1998] Sigma Chem
Inc., St. Louis, MO, USA

( = 28.3)

Krebs-Ringer HEPES

( 300-500 mg
) 25mL  05% Dulbecco’ s
Modified Eagle (1 , 37 ,95%
ar-5% CO,)
(0.2 mM ZnSOy) (0.1 mM NagVOy,)

(10 nM) (50 nM)
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24

48 MTT

(Boehringer Mannheim, Mannheim, Germany)

(enzyme-linked immunosorbent assay, ELISA)
(Quantikine human leptin, Quantikine human

TNF4, R&D Systems, Minneapolis, MN, USA)

2
(C57BL/6J) (
) (22 ) (12/12
) (
) ( )

Sigma St.Louis MO USA

8 ( 100 mg/kg )

31



( 14 mM)

30 10 20

8 100-200 mg ) 0.5 %

Dulbecco’ s Modified Eagle 1

1. 2. 0.1 mM ZnSO, 3.
1.0mM ZnSO, 4. 1.0mM TPEN 5. 5.0 MM MgSO,
6. 0.1 mM NagVO, 7. 1.0 mM NaVO, 8. 1.0
mM LiCl 8
TPEN (N,N,N’ N’ -tetrakig[ 2-pyridylmethyl]
ethylenediamine)
[Rossetti et al. 1990, Shechter 1990, Matsuda et

al. 1999] 24

24 (37 95%air/5 % CO,)

(GA-O3T,



A&T, Tokyo, Japan)

USA) ELISA

p 0.05

Tukey’ s multiple comparison

Mac StatWorks 1.2

(R&D Systems, Minneapolis, MN,



1.
(C57BL/6J) (
) (22 ) (12/12
) (
) ( )
Sigma St.Louis MO USA
8 ( 100 mg/kg )
2 (
14 mM)
2 ( + ) (20 mg zinc
acetate/L, Merck, Darmstadt, Germany) ( )
( ) 8
[Chowdhury and

Chandra 1989, McClain et al. 1993, Barceloux 1999]
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24

2.
(C57BL/6J)
( ) (22 )
(12/12 )
[Bock et a. 1995]
Sigma St.Louis MO USA
6 32 %
(20 mg zinc acetate/L)
2 + ) 8
32 % (
(320 g sucrose/L)
+
52.51 g/day 8 9
(14
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(SA-2, EM-SCAN
Inc, Springfield, IL, USA)

(GA-O3T, A&T, Tokyo, Japan)

(Crystal Chem Inc., Chicago, IL, USA)

(R&D Systems, Minneapolis, MN, USA) ELISA

(IL-551, Instrumentation

Laboratory Inc., Wilmington, MA, USA)

NIST (bovine liver, Gaithersburg MA
USA) Nycomed (Seronorm serum and Seronorm urine, Oslo

Norway)
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p<0.05 Tukey’ s multiple comparison

Mac StatWorks 1.2



(53.4 vs. 45.9 %, p<0.05) (6.3vs. 7.4 g/day,
p<0.05) (13.2vs. 124% 3.8vs. 4.0
g/day)

(129 vs. 7.0 mM,
p<0.05, 1-2) [-2
( 5.2 vs. 7.0 mM, p<0.05

10.2 vs. 12.9 mM, p<0.05)

(glycemic response, -34 % , p<0.05, [-1)

-3 -4
(1090 vs. 144 pM, p<0.05) (12.4vs. 15.0
i M, p<0.05) (630 vs.

1090 pM, p<0.05) (630 vs. 144 pM,

3€



p<0.05) (127 vs. 144

pM) (17.0vs. 15.01 M) (14.4
vs. 12.4 1 M)
30 90
(p<0.05)
-5 (165 vs. 67 nmol/day,
p<0.05) (612 vs. 336 nmol/day, p<0.05)
(2.7 vs. 1.91 mol/g, p<0.05) (16.3vs. 9.7 1 mal/g,

p<0.05) (413 vs. 336 i mol/day, p<0.05)

(719 vs. 612 i mol/day, p<0.05)

(21.2
vs. 16.3 1 mol/g, p<0.05) (3.0 vs. 2.7 1 mol/g, p<0.05)
|-2 0.2mM
(+80 %, p<0.05) 20 nM (
64% p<0.05) +
( + VS.

= 6136 vs. 5908 dpm, p=0.28)

+

(+74%, p<0.05)



p<0.05)

nM

( 1-3) 02mM

(+130 %, p<0.05) 20nM

(

36%,

20

(+55%, p<0.05) +

-57%, p<0.05

(p=0.21)

VS.

VS.

4C

28 (p<0.05)

-27%, p<0.05)

(p=0.48)

=-23% vs. —57%, p<0.05)

=-20% vs. -27%, p=0.14)



(10 ) Y
( Y vs. =2.6Vvs. 2.2 Q) ( Y
Vs. =39.4 vs. 38.7 %) -1 Y
( Yvs. =135 vs. 196 mg/dL)
( Yvs. =1.68 vs. 0.87 mM) Y
( Yvs. =12.8vs. 11.2
kcal/day, p<0.05) ( Yvs. =264
vs. 96 mg/dL, p<0.05)
Y+ Y
( Y+ vs Y=2.6Vs. 2.60) (
Y+ vs Y =39.6 vs. 39.4 %)
Y ( Y+
VS. Y =158 vs. 135 mg/dL) ( Y+
VS. Y =1.29 vs. 1.68 mM) Y
( Y+ Vs Y
=11.4vs. 12.8 kca/d p<0.05) ( Y+
VS. Y=118vs. 264 mg/dL  p<0.05)

11-2 Y ( Yvs.
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=105vs. 1241 g/dL) ( Y vs. =0.54 vs.

0.47 1 g/mg) ( Yvs. =0.96 vs. 0.75
1 g/mg) ( Y +
VS. Y =192 vs. 1241 g/dL, p<0.05)
( Y+ Vs Yvs.
=0.42 vs. 0.54 vs. 0.47 1 g/mg Y+ vs

Yvs. =1.27 vs. 0.96 vs. 0.75 1 g/mg) (10 )

( )



( VS. =2.06 vs.

0.41 nM, p<0.05) ( VS. =14.2 vs.
16.01 M, p<0.05) 2 24

(p<0.05)

-1 24
02:00 06:00-18:00

(p>0.1, 0.35

nM 1.78 nM) 11-2
24 04:00
2400 -1 -2

(r=-0.51 p=0.012)



1.
V-1 ( )
( 12 +42 % p<0.05) ( 12 +68 %
p<0.05)
( 24 +20 % p>0.05) ( 24

+217 % p<0.01)

[Grunfeld et al. 1996]

( 2 VS.
0.84 vs. 0.81 fmol/g tissue 12 VS. 7.28 vs.
6.53 fmol/g)
[Lin 1998] ( 2
+64 % p<0.05) ( 12
VS. 1.39 vs. 1.10 pmol/g tissue 24 VS.
0.56 vs. 0.50 pmol/g)
[ Shechter 1990]
( 2 VS. 0.93 vs. 0.76 pmol/g tissue

12 VS. 1.32 vs. 1.10 pmol/g 24 VS.
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0.64 vs. 0.50 pmol/g tissue)

V-1
12 (
2 0.76 12 1.10 24
0.50 pmol/g tissue) 12
-1
2.
V-2 ( VS.
=10.6 vs. 15.8 ng/g tissue p<0.05)
( VS. =1620 vs. 2628 i g/g tissue
p<0.05) (1121 vs. 8011 g/g tissue p<0.05) /
( 69 vs. 31 %,
p<0.05)
V-2 V-3

(0.1 mM) ( 50 %,



p<0.05
75 %, p<0.05
(1 mM) (
%, p<0.05 ) 1mM TPEN

40 %, p<0.05

42 %, p<0.05

36 %, p<0.05)

13, p<0.01

( 11

5mM

20 %)

1mM

60 %, p<0.05) (

59 %, p<0.05)

33 %, p<0.05 26

37 %, p<0.05)

113 %, p<0.05)

( 24 %, p<0.05
(
24 , p<0.01)
, p<0.01 9 ,p<0.01)

-6 (interleukin-6)

(0.1 mM) (1 mMm)
( Iv-4  1V-5)
( 12%
(p>0.05)

4¢€



+68 %

+73% p<0.05

+72 % +93 % p<0.05)
( +45 % +115 %
p<0.05 +85 % +132 % p<0.05)
(r=0.62, p=0.01)
(r=-0.22) (p=0.42)

/

(r=-0.77, p=0.001)



1.
V-1 ( VS. =
4.8 vs. 3.3 g/day, p<0.05) (7.9 vs. 3.6 mL/day, p<0.05)

( VS. =-0.4vs. 090,
p<0.05) (5.4 vs. 1.3 mL/day, p<0.05) (2.2 vs.
1.0 g/day, p<0.05)

( VS. =18.4 vs. 20.9 %)

( + Vs =
-0.2vs.-049) (19.6 vs. 18.4 %) (85vs. 7.9
mL/day) ( +

VS. =4.0 vs. 4.8 g/day, p<0.1)
V-2 ( VS. =

23.42 vs. 5.74 mM, p<0.05) (50.03 vs. 91.38
pM, p<0.05) ( VS. =1.79 vs.
1.30 mM) (0.65 vs. 0.56 mM) (14.2 vs. 14.81 M)

(1.01 vs. 1.07 pM)

48



14.26 vs. 23.42 MM p<0.05)

mM, p<0.05)
( + VS, =1.47 vs. 1.79 mM)
mM) (16.4vs. 14.21 M)
pM)
VS. =19.38vs. 44.38 pM  p<0.05)
+ Vs =36.88 vs. 44.38 pM p>0.1)
2.
V-3
( VS. =1.5vs. 3.5 g/day, p<0.05)
VS. =36.4 vs. 14.2 kcal/day, p<0.05)

(5.74

(0.57 vs. 0.65

(1.35vs. 1.01

[Kanarek and Orthen-Gambill 1982, Kanarek et al. 1987, Sclafani 1991,

Bock et a. 1995]

=7.7vs. 1.0 g, p<0.05)

( VS.

(36,5 vs. 20.9



%, p<0.05)

(

+ Vs =7.1vs. 7.7 g, p<0.1) (31.9 vs. 36.5 %,
p<0.1) (33.6 vs. 36.4 kcal/day, p<0.1)
[Bock et al.
1995] Bock
2.5
V-4 ( VS. =10.56
vs. 7.51 mM, p<0.05) (2.16 vs. 1.30 mM, p<0.05)
(0.54 vs. 0.41 mM, p<0.05) (120.69 vs. 91.38 pM,
p<0.05) (159.38 vs. 44.38 pM, p<0.05)
( VS. =11.09vs. 14.821 M,
p<0.05) (
VS. =1.37 vs. 1.07 pM)
V-4 ( + Vs

=0.48 vs. 0.41 mM, p<0.05)
( + VS. =8.36 vs. 7.51 mM) (16.94 vs.
14.821 M) (1.76 vs. 1.30 mM)
(86.21 vs. 91.38 pM)
V-4 ( + Vs

5C



=8.36 vs. 10.56 mM, p<0.05)
( VS. =159.38 vs. 44.38 pM,
p<0.05) (

VS. =215.63 vs. 159.38 pM, p<0.05)
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[Begin-Heick et al. 1985]

toxicity)

[Y ki-Jarvinen 1992]
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, glucose



[ Coulston and Nandona 1980, May and Contoreggi 1982, Ezaki 1989,

Shishevaet al. 1992]

Contoreggi 1982]

al. 1992]

[Lin et a. 2000]

[May and

[Shisheva et

CAMP



[Prasad 1993,

Vallee and Falchuk 1993]

[Fernandez- Lopez et a. 1994]

[Blostein-Fujii et a.
1997, Song et a. 1998, Marchesini et a. 1998]

54



36 Y

[Sahu and Kalra 1993, Kokot and Ficek 1999] Y

[Chen et a, 1988, Chen et al, 1991,
Lin et al, 1992]

Y [Selvaiset a. 1997, Lee et d. 1998]

Y
Y
(
Y [Sahu and Kalra
1993]) Y
[Sahu and Kalra
1993, Kokot and Ficek 1999] Y
Y [Bennet et al. 1996, Vettor et al. 1998]
[Vettor et al. 1998] Y
Y



10 )

[Leiter et al. 1988
Y
Y [Selvaiset al. 1997, Lee et
al. 1998

[Mangian et a. 1998, Mantzoros et al. 1998]

Y [Wolf 1997]

5€



[Sinhaet al. 1996, Licinio et a. 1997] 24

02:00

24 04:00

24



1998]

Shay
mMRNA

[Ott and Shay 1998]

[Barr et al. 1997]

Havel

[ Shechter 1990]

5€

[Havel et d.

ob



(0.2 mM)
( 0.01-0.02 mM)

(0.5-1.0 mM)

[Shisheva et al. 1992, Prasad 1993, Vallee and

Falchuk 1993]

[Mantzoros et

al. 1998 (

[Sesmilo et a. 1998, Ozata et al. 1998]



[Ott and Shay 1998]

[Barr et a. 1997]

[Havel et a

1998] /

( [Liu et a. 1997])

[Rofe et al. 2000] ( )

)

6C



[ Shechter

1990, Shishevaet a. 1992]

[Mantzoros et al. 1998]
-6 [Grunfeld et al. 1996, Sarrat et

a. 1997, Himms-Hagen 1999]

61



[Havel et d.
1998, Sindelar et al. 1999, Chinookoswong et al. 1999] Y

[Sahu and Kalra 1993, Kokot and Ficek 1999]

Y [Wolf 1997]

[Havel et a. 1998, Sindelar et al. 1999

[Levine et al. 1983, Escobar et al. 1995]

[Escobar et al.



1995]

[Faillaand Kiser 1981, Levineet al.

1983, Escobar et a. 1995]

[Shisheva et al. 1992, Sprietsma and Schuitemaker
1994
[Friedman and Halaas
1998, Havel et al. 1998, Sindelar et al. 1999, Chinookoswong et al.

1999

[Shisheva et al. 1992]

( 80 %)



[Mantzoros et al. 1998]

[Campfield et al. 1995, Ahren et a. 1997,
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(mg/dL) 196 (14) 135 (16) 158 (23)
(mglL) % (2) 264 (42)* 118 (4)* +
(mM) 0.87 (0.02) 1.68 (0.19) 1.29 (0.09)
6
Y 200 ng NPY/mouse
(0.1 mg /mL) 10

p <0.05

Y p <0.05

9C



-2

Y Y +
Y Y +
(ig/dL) 124 (15) 105 (8) 192 (8)* +
(i gmg) 0.47 (0.02) 0.54 (0.04) 0.42 (0.01)
(i g/mg) 0.75(0.11) 0.96 (0.16) 1.27 (0.17)
6
Y 200 ng NPY/mouse Y+
(0.1 mg /mL) 10

p <0.05

Y p <0.05
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V-1

©02mM) (01mM) (10 nM) (50 nM)
2 0.76 (0.10) 0.92(0.14) 0.93(0.13) 0.98(0.11) 1.24(0.08)*
12 1.10 (0.10) 1.56(0.04)* 1.32(0.04) 1.85(0.08)* 1.39(0.11)
24 0.50 (0.04) 0.62(0.03) 0.64(0.07) 1.59(0.12)* 0.56(0.04)
9
24 2
12 24
pmol/g tissue

p <0.05



V-2

AmM)  (01mM) (1 mM TPEN)
(g9 1620(432) 1872(738) 2430 (432)* 1224 (360)*
(glg)  1121(252) 1593 (338)* 1224(387) 1013 (257)
(ng/g) 106(16) 7.1(26)* 185(30)*  6.4(2.3)*
(bog) 1113(266) 748(163)  1278(344) 875 (336)
6(ngg 37.8(0.9) 29(L6* 37.2(16)  36(LE)*

10

p <0.05



V-3

AmM)  (01mM)  (1mM TPEN)
(g9 2628(198) 2394 (378) 4212 (450)* 1692 (198)*
(i o) 801(239) 1706 (320)* 941 (122) 698 (275)
(nglg) 158(L1) 117(L1* 252(L9*  10.0(L7)*
(o O11(328) 642(136) 904 (132) 691 (159)
6y 282(7.3) 12(0.7)* 30333  31(0.8)*

*

10

p <0.05
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V-4

(5 mM) (1 mM) (1 mM) (0.1 mM)

(ig/g)

(19/9)
(ng/g)
(pgl9)

-6 (ng/g)

1620 (432) 1494 (684) 1440 (450) 2790 (414)* 2718 (720)*
1121(252) 1085(230) 1161(306) 2079 (680)* 1629 (450)*
106(1.6) 11.0(L1) 121(39  93(10)  12.9(4.6)
1113(266) 1253 (156) 1340(384) 897(354) 1398 (804)

37.8(0.9) 397(42) 349(37) 363(45  42.7(L8)

10

p <0.05



V-5

(5 mM) (1 mM) (1 mM) (0.1 mM)

(ig/g)

(1dg)

(ng/g)

(pg/g)

-6 (ng/g)

2628 (198) 3006 (630) 2808 (864) 5076 (342)* 4554 (792)*

801(239) 986(324) 851(176) 1859 (311)* 1724 (230)*

158(11) 17.4(23) 14435 127(25 18.1(65)

011(328) 953 (245) 855(278)  786(112) 995 (154)

282(7.3) 27.3(81) 27.7(85) 27.7(9.0) 256(4.1)

*

10

p <0.05

9€



V-1

+
(g/day) 33(0.2) 4.8 (0.3)* 4.0 (0.3)*+
(mL/day) 3.6 (0.2) 7.9 (0.4)* 8.5 (0.4)*

@ 0.9 (0.2) -0.4 (0.2)* -0.2 (0.2)*
(%) 20.9 (1.3) 18.4 (0.9) 19.6 (1.0)
+ (20 mg /L)
* p <005

p<01



V-2

+

(mM) 5.74 (0.25) 2342 (2.06)*  14.26 (0.62)*+
(M) 1.30 (0.13) 1.79 (0.23) 1.47 (0.17)
(mM) 0.56 (0.03) 0.65 (0.04) 057 (0.02)
(M) 14.8 (0.9) 14.2 (1.5) 16.4 (1.4)
(M) 91.38(5.17)  50.03 (6.92)* 53.45 (10.34)*
(PM) 1.07 (0.19) 1.01 (0.11) 1.35 (0.14)
(M) 4438(8.75)  19.38(1.88)* 36.88 (10.63)
8
+ (20 mg L) 2
* p<005

p <0.05

9€



V-3

N
(g/d) 35(02  15(0.2)* 1.3(0.1)*
(mL/d) 8.5(0.2) 8.3(0.3)

(kealldyy)  14.2(1.0) 36.4 (0.9 33.6 (1.3)*
©) 1.0(0.1)  7.7(0.5* 7.1(0.8)*

(%) 209(13) 365(23)* 31.9 (2.2*

8
32% 320g L)
(20 mg L) 8

p <0.05



V-4

+

(mM) 7.51 (0.25) 10.56 (0.47)* 8.36 (0.44)+
(mM) 1.30 (0.13) 2.16 (0.12)* 1.76 (0.27)
(mM) 0.41 (0.02) 0.54 (0.02)* 0.48 (0.01)*
(pM) 91.38(10.34)  120.69 (8.62)* 86.21 (24.14)
(UM) 14.82 (0.77) 11.09 (0.80)* 16.94 (1.65)+
(pM) 44.38 (8.75) 159.38 (18.75)*  215.63 (10.00)* +
(pM) 1.07 (0.19) 1.37 (0.11) 1.49 (0.10)
8
32 % (3209 /L) +
(20 mg /L) 8
* p <0.05

p <0.05
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Plasma glucose concentration (mM)
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Glycerol release (mM)
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Leptin concentration (nM)
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Zinc concentration (uM)
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Diabetes
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Alloxan

Body mass index, BMI
Brown adipose tissue
Catecholamine
Cholecystokinin
Circadian (diurnal) rhythm
Collagenase
Corticotropin-releasing hormone
Cytokine
Enzyme-linked immunosorbent
assay, ELISA
Epididymis

Free fatty acid
Gaanin
Glucocorticoid
Gluconeogenesis
Glucose intolerance
Glucose oxidase
Glucose tolerance test
Glucose toxicity
Glucose transporter
Hypercholesterolemia
Hyperglycemia
Hyperinsulinemia
Hyperleptinemia
Hyperlipidemia
Hyperphagia
Hyperzincuria
Hypoglycemia
Hypoleptinemia
Hypozincemia
Insulin-like activity
Insulin resistance
Interleukin-6, L-6



Invitro

Invivo

| soproterenol
Leptin

L eptin resistance
Lipogenesis
Lipolysis

Lipostatic factor
Neuropeptide Y, NPY
Neurotransmitter
Orexigenic factor
Phenotype
Phloretin

Radioi mmunoassay
Serotonin, 5-HT
Standard error, SE
Streptozotocin

Thyrotropin-releasing hormone

Triacylglycerol

Tumor necrosis factor-a, TNFa
Uncoupling protein, UCP

AGRP Agouti-related peptide

CRH  Corticotropin-releasing hormone

MAPK Mitogen-activated protein kinase

MTT  3-(4,5-dimethyl-thiazol-z-yl)-2,5-diphenyltertazolium bromide
PI3K  Phosphatidylinositol-3-kinase

PPAR Peroxisome proliferator-activated receptor

TPEN N,N,N’" ,N’ -tetrakis(2-pyridylmethyl)-ethylenediamine

1995

1983
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24

(nM)
08:00 0.41 (0.11) 2.06 (0.54)*
10:00 0.19 (0.29) 1.93 (0.65)*
12:00 0.23 (0.39) 1.61 (0.56)*
14:00 0.38 (0.35) 1.87 (0.97)*
16:00 0.22 (0.33) 1.14 (0.55)*
18:00 0.37 (0.28) 1.87 (0.23)*
20:00 0.73 (0.36) 1.59 (0.41)*
22:00 0.56 (0.26) 2.41 (0.93)*
24:00 0.76 (0.24) 2.23 (0.34)*
02:00 1.08 (0.20) 2.99 (0.73)*
04:00 0.63 (0.27) 258 (0.62)*
06:00 0.45 (0.19) 2.18 (0.61)*
1.
2. 5
3. * p <005
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16.0 (1.0) 14.2 (0.5)*
15.5(0.7) 12.8 (0.5)*
14.3 (1.0) 12.1 (0.9)*
13.7 (1.2) 10.4 (0.5)*
13.0 (0.8) 10.0 (0.6)*
13.1 (1.0 9.4 (0.7)*
12.8 (0.9) 9.5 (1.0)*
12.2 (0.7) 9.2 (1.1)*
12.2 (0.8) 9.4 (1.0)*
15.1 (1.4) 12.0 (1.1)*
16.3 (1.1) 14.3 (0.7)*
15.7 (1.0) 14.0 (0.4)*
p < 0.05
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ANOVA

Source Sum of Deg. of Mean _ p value
Squares  freedom  Squares RO

Between 67.89 1 67.89 22291 0.001

Phenotype

Between 9.49 5 1.90 6.23 0.001

Time

Interaction 1.62 5 0.32 1.06 0.385

Error 32.89 108 0.30

Totd 111.89 119

ANOVA

Source Sum of Deg. of Mean _ p value
Squares  freedom  Squares RO

Between 222.33 1 222.33 165.53 0.001

Phenotype

Between 306.45 5 61.29 45.63 0.001

Time

Interaction 8.48 5 1.70 1.26 0.285

Error 145.06 108 1.34

Totd 682.33 119
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Percentage of composition (%)

Corn starch 32.6

Dextrin 32.6

Casain 18.7

Soy bean ail 4.8

Alphacel 4.7

Mineral mixture 3.7

Vitamin mixture 2.8

Methionine 0.1

Zinc content (mg/kg diet) 4.140.2

1. Minera mixture and vitamin mixture were obtained from ICN

2.

Biomedicals (CostaMesa, CA, USA).

Mineral mixture contained the followings (%): calcium
carbonate, 6.86; calcium citrate, 30.83; calcium phosphate
monobasic, 11.28; manganese carbonate, 3.52; magnesum
sulfate, 3.83; potassium chloride 12.47; di-potassium
phosphate, 21.88; sodium chloride, 7.71; copper sulfate,
0.00777; ferric citrate, 1.52815; manganese sulfate, 0.02008;
potassium aluminum sulfate, 0.00923; potassium iodide,
0.00405; sodium fluoride, 0.05070.

Vitamin mixture contained the followings (%0): vitamin A
acetate, 0.18; vitamin D2, 0.0125; dI-a-tocopherol acetate, 2.2;
ascorbic acid, 4.5; inositol, 0.5; choline chloride, 7.5;
menadione, 0.225; p-aminobenzoic acid, 0.5; niacin, 0.425;
riboflavin, 0.1; thiamine hydrochloride, 0.1; calcium
pantothenate, 0.3; biotin, 0.002; folic acid, 0.009; vitamin B12,
0.000135.
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6

ANOVA of the leptin production summarized in Table V-1

Source Sum of Deg. of Mean _ p value
Squares  freedom  Squares F-Ratio

Treatment 1.9823 4 0.4956 8.9 0.001

Error 2.2176 40 0.05%4

Totdl 4.1999 44
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7

ANOVA of the determined variables summarized in Table IV-2

Glucose uptake

Source Sum of Deg. of Mean _ p value
Squares  freedom  Squares  -Halo

Treatment 23922816 3 7974272 3.90 0.016

Error 73576032 36 2043779

Totd 97498848 39

L actate production

Source Sum of Deg. of Mean _ p value
Squares  freedom  Squares  -Halo

Treatment 3259858 3 1086619 8.03 0.001

Error 4873915 36 135387

Tota 8133774 39

L eptin production

Source Sum of Deg. of Mean _ p value
Squares  freedom  Sguares F-Ratio

Treatment 980.66 3 326.89 45.95 0.001

Error 256.13 36 711

Totdl 1236.80 39
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8

ANOVA of the determined variables summarized in Table IV-3

Glucose uptake

Source Sum of Deg. of Mean _ p value
Squares  freedom  Squares ' -Halo

Treatment 35883368 3 11961123  129.75 0.001

Error 3318724 36 92187

Totd 39202092 39

L actate production

Source Sum of Deg. of Mean _ p value
Squares  freedom  Squares ' -Halo

Treatment 8442434 3 2814145 38.86 0.001

Error 2607141 36 72421

Tota 11049576 39

L eptin production

Source Sum of Deg. of Mean _ p value
Squares  freedom  Sguares F-Ratio

Treatment  1232.93 3 410.98 250.92 0.001

Error 58.96 36 1.64

Totdl 1291.89 39

117



9

ANOVA of the determined variables summarized in Table 1V-4

Glucose uptake

Source Sum of Deg. of Mean _ p value
Squares  freedom  Squares ' -Halo

Treatment 16412496 4 4103124 13.26 0.001

Error 13926084 45 309469

Totd 30338580 49

L actate production

Source Sum of Deg. of Mean _ p value
Squares  freedom  Squares ' -Halo

Treatment 6418084 4 1604521 9.35 0.001

Error 7719978 45 171555

Tota 14138062 49

L eptin production

Source Sum of Deg. of Mean _ p value
Squares  freedom  Sguares F-Ratio

Treatment 84 4 21 0.16 0.955

Error 573.7 45 12.7

Totdl 582.1 49
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10

ANOVA of the determined variables summarized in Table IV-5

Glucose uptake

Source Sum of Deg. of Mean _ p value
Squares  freedom  Squares ' -Halo

Treatment 42274400 4 10568600 21.58 0.001

Error 22041252 45 489806

Totd 64315652 49

L actate production

Source Sum of Deg. of Mean _ p value
Squares  freedom  Squares ' -Halo

Treatment 10950364 4 2737591 58.68 0.001

Error 2099522 45 46656

Tota 13049886 49

L eptin production

Source Sum of Deg. of Mean _ p value
Squares  freedom  Sguares F-Ratio

Treatment 507.9 4 127.0 1.49 0.221

Error 3832.8 45 85.2

Totd 4340.7 49
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11

ANOVA of the determined variables summarized in Table V-1

and Table V-2
Food intake
Source Sum of Deg. of Mean _ p value
F-Retio
Squares  freedom  Squares
Treatment 14.042 2 7.021 13.86 0.001
Error 10.641 21 0.507
Tota 24.683 23
Serum glucose
Source Sum of Deg. of Mean _ p value
F-Retio
Squares  freedom  Squares
Treatment  1582.66 2 791.33 182.63 0.001
Error 90.99 21 4.33
Tota 1673.66 23
Serum leptin
Source Sum of Deg. of Mean _ p value
F-Ratio
Squares  freedom Squares
Treatment 3706 2 1853 8.10 0.002
Error 4805 21 229
Tota 8512 23




12

ANOVA of the determined variables summarized in Table V-3

Food intake

Source Sum of Deg. of Mean _ p value
Squares  freedom  Squares R0

Treatment  27.7815 2 13.8907 142.22 0.001

Error 2.0511 21 0.0977

Totd 29.8326 23

Energy intake

Source Sum of Deg. of Mean _ p value
Squares  freedom  Squares ' -Halo

Treatment  2514.82 2 125741  245.17 0.001

Error 107.70 21 5.13

Totdl 2622.52 23
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13

ANOVA of the determined variables summarized in Table V-4

Serum glucose

Source Sum of Deg. of Mean _ p value
Squares  freedom  Squares ' -Halo

Treatment 38.136 2 19.068 41.68 0.001

Error 9.606 21 0.457

Totd 47.742 23

Serum triacylglycerol

Source Sum of Deg. of Mean _ p value
Squares  freedom  Squares ' -Halo

Treatment 1.868 2 0.934 6.22 0.008

Error 3.153 21 0.150

Tota 5.021 23

Serum zinc

Source Sum of Deg. of Mean _ p value
Squares  freedom  Sguares F-Ratio

Treatment 165.73 2 82.87 10.45 0.001

Error 166.59 21 7.93

Totd 332.33 23

Serum leptin

Source Sum of Deg. of Mean _ p value
Squares  freedom  Squares RO

Treatment 112571 2 56285 46.55 0.001

Error 25394 21 1209

Totdl 137965 23
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