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Effects of high—fat diet induced obesity on tissue zinc concentrations and zinc

transporter expressions in mice*
Min, Byulchorong - Chung, JayongT

Department of Food & Nutrition, College of Human Ecology, Kyung Hee University, Seoul 02447, Korea

ABSTRACT

Purpose: Obesity is often associated with disturbances in the mineral metabolism, The purpose of this study was to
investigate the effects of high—fat diet—induced obesity on tissue zinc concentrations and zinc transporter expressions in mice,
Methods: C57BL/6J male mice were fed either a control diet (10% energy from fat, control group) or a high—fat diet (45%
energy from fat, obese group) for 15 weeks, The zinc concentrations in the serum, stool, and various tissues were measured
by inductively coupled plasma (ICP)—atomic emission spectrophotometry or ICP—mass spectrophotometry. The levels of zinc

transporter mRNAs in the liver,

duodenum, and pancreas were measured by real-time RT—PCR. The levels of serum

adipokines, such as leptin and IL—6, were determined. Results: The total body weight, adipose tissue weight, and hepatic
TG and cholesterol concentrations were significantly higher in the obese group, as compared to the control group. The obese
group had significantly higher levels of serum leptin and pro—inflammatory IL—6 concentrations, and had significantly lower
levels of serum alkaline phosphatase activity, The zinc concentrations of the liver, kidney, duodenum, and pancreas were
all significantly lower in the obese group than in the control group. On the other hand, the fecal zinc concentrations were
significantly higher in the obese group than in the control group. The serum zinc concentrations were not significantly different
between the two groups. The ZnT1 mRNA levels of the liver and the pancreas were significantly higher in the obese group,
as compared to the control group. Hepatic Zipl0 mRNA was also increased in the obese group. Conclusion: Our study
findings suggest that obesity increases fecal zinc excretion and lowers the tissue zinc concentrations, which may be

associated with alterations in the zinc transporter expressions.
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A
HYs M 2 ANz H
333 47 C57BL/6J mice (Daehanbiolink, Chung-buk,

Korea)5 2% 22+2°C, & 50+60%, 12A]7F 7+2 9]
Qg xste] 2 ALtk FHeES PAs)
7] 915te] ARS8 cage:= 0.4% EDTAE A& 3 HA|52
&0} ARg-8L%TE Chow diet (Purina)2 3 7+ #-3-4]71
%, g ol 15upe| = O R o] & (control)>
A kol 10%E Aoz Fgdl= AAF 2]o] (D12450B;
Research Diets Inc., NJ, USA)Z, H|UHL (obese)S A
dFe| 45%E AR Fushes A2 o] (D12451;
Research Diets Inc.)S 1557F 2538k ch 2 Aol A&

Table 1. Compositions of diets used in this study

Group Control Obese
Ingredients (Q)
Casein 200 200
L-Cystine 3 3
Com starch 315 72.8
Maltodextrin 35 100
Sucrose 350 172.8
Cellulose 50 50
Soybean oil 25 25
Lard 20 177.5
Mineral mix" 10 10
Dicalcium phosphate 13 13
Calcium carbonate 5.5 5.5
Potassium citrate 16.5 16.5
Vitamin: mix” 10 10
Choline bitartrate 2 2
FD&C dye 0.05 0.05
Total (g) 1,055.05 858.15
(keal) 4,057 4,057

(3.845 kcal/g diet) (4.728 kcal/g diet)

1) 10g of mineral mix (Research Diets, S10026) provides 1.0 g
sodium chloride, 0.5 g magnesium oxide, 0.33 g magnesium
sulfur, 1.6 mg ammonium molybdenum, 2.0 mg chromium
potassium, 6.0 mg copper, 37 mg iron, 59 mg manganese, 0.2
mg. iodine, 0.9 mg fluoride, 0.16 mg selenium, 38 mg zinc, and
3.99 g sucrose.  2) 10g of vitamin mix (Research Diets, V10001)
provides 4,000 IU vitamin A, 1,000 U vitamin D3, 50 IU vitamin E,
0.5 mg menadione, 0.2 mg biotin, 10 pug vitamin B12, 2 mg folic
acid, 30 mg niacin, 16 mg pantothenic acid, 7 mg vitamin B6,
6 mg vitamin B2, and 6 mg vitamin B1.

H AR AE2 Table 19 YeRch 2 ¢l A 3|y
St FERUYUIREEH SEAYE $dS wWith

(KHUASP (SE)-14-036).

A TR AFA 124 35 F, EdE (Virbac
Carros, France)2 w33t F A& Afd= QAL 5
A%, A, & 9 ARRE [95A]R (subcutaneous

]_
[e}
fat), F-313-X|H} (epididymal fat), A= X)W (perirenal

fat), A7FAY (mesenteric fat), ZAHA|RFZZ] (brown
adipose tissue)]- 2 Z&3lo] A A4z AT} o] EA
= AAT F A A7HA] -80°Co| A Hapstgich oS
A F& SHF A Al AoIRIE ol&ste] 4 & AF
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A triglycerides (TG)%} cholesterol 2] 5= % alanine

transaminase (ALT), aspartate transaminase (AST), alkaline
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phosphatase (ALP)2} &g <=2 & 7|E (Asan pharm,
Seoul, Korea)S ARg-5to] =A3}9ich

1) A &g F=317] ko] 0.1 g9 1 22 500 uL
o] PBS-10mM EDTA (pH 7.4)5 Y 43} Al7]1L
bicinchoninic acid (BCA) ¥ o|-&3}o] thillz] AaF o &

2 mL9] isopropanol-hexane-water (40:10:1, v/v/v)E g1l
308 ZoF Aheof A5} o] 7] o] hexane-diethyl ether
(1:1, vAv) 500 pLE Pl 105 FoF Akeo] H2A7] &
S84 1 mL W 208 ot Aol BAshac 459
Mg Aol §70 F 37°C Azs1oA 57180
S2]31 isopropanolel] o151 FAXY U FelAHE
A& kit (Asan pharm)E ©]-8-3}4] 505 nmojA SHE=E
i3

A O] IL-69} leptin =52 ELISA kit (R&D systems,
Minneapolis, MN, USA)2} Luminex 200 system (Luminex,
Austin, TX, USA)S o]&35lo] =43}t
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ZE3 Y oot 55 £
WA whE BAS giste] Tk A%, %, A% 27
g e SAAZ §F &, 65% AAF (Millipore, Billerica,

MA, USA) & il 7}gsto] ashd} ¢l Aol AR
= 2 7I9e 55 L89S A 5] fIst

10% Ake]| 2417k HR] A|Z] 3 0.4% EDTA] 24A]7F

A Al?h A= Al sto] ARESFATE AA e &

Z1o] H712 =T inductively coupled plasma atomic

931, A 27)" == inductively coupled plasma mass
spectrophotometer (ICP-MS)=Z Z73}% T}

Quantitative Real-time RT-PCR
Z2] 0.05 mgo] Trizol®
CA, USA)E 4, Al=ARe] Aof W} total RNAS =
5}tk =25 total RNAE= nuclease free waterS go] &=
@] & Nanodrop 2000 spectrophotometer (Thermo Fisher
Scientific Inc, Wilmington, DE, USA)E- o]-&3}0] A 3}
t} 1 pgQ] total RNAS PrimeScript™ RT reagent kit (Takara,
Otsu, Japan)E o]835}o] cDNAZ HZA} A7l 3 SYBR
Premix Ex Taq (Takara) kit-2 ARE-3}o] real-time PCR-S
435159t} (Mini Opticon, Biorad, Hercules, CA, USA). &
I5to] AREE primer 24 Table 20 YeRHQITE

Reagent (Invitrogen, Carlsbad,

A4 24
AlS Avte Hyy BEeAE YeRyich 137_]
BH#9] Z}o]= Student t-test = A A5} v w5} O

l

szeld $O88 AzaE, mE EARaL
Statistical Analysis System ver 9.4 (SAS Inc., Cary, NC
USAYS Agalic

emission spectrophotometer (ICP-AES)E ©]83to] 435t  X|E L OJC|Z7}l &F H|X
Table 2. The primer sequences used in this study

Genes Forward Reverse
ZnT1 (SLC30AT) GGCCAACACCAGCAATICCAACG AAGGCATTCACGACCACGATCACG
Zip4 (SLC39A4) ACTTIGTGGACTIIGIGTICAGG GAGTATGGAGCTICAGAGICTIGG
Zip5 (SLC39A5) AGGACCTAGTGAGCAATCAGAGG TICTCCAAGATCCCTITIGTICC
Zip10 (SLC39A10) TCATCGCCATCGITIGCATCA CTCTGGTGAAGGGCIGTIGAC

GAPDH CAA CAG CAA CIC CCA CIC TIC

GGT CCA GGG TIT CIT ACT CCT T

Table 3. Body weight changes, fat weights, and the serum and hepatic biochemical parameters in confrol and obese mice

Control Obese

Body weight changes

Initial body weight (g) 145 02" 15.3 +0.2

Final body weight (g) 32.8+0.3 40.1 £1.27

Body weight gain (Q) 18.1 0.3 243 +1.0
Adipose tissue weight

Subcutaneous fat (Q) 0.486 = 0.028 1.816 + 0.202

Visceral fat (Q) 0.625 + 0.039 2.851 + 0.290

Epididymal fat (Q) 0.340 + 0.020 1.499 =+ 0.145

Mesenteric fat (g) 0.161 =0.012 0.592 + 0.099"

Perirenal fat (Q) 0.124 = 0.008 0.761 = 0.075"

Brown adipose tissue (Q) 0.063 + 0.002 0.108 = 0.015

1) Data are means + SEM (n = 15/group).  2)

" indicates significant differences (p < 0.05) between two groups.

3) Alkaline phosphatase
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Table 3. Body weight changes, fat weights, and the serum and hepatic biochemical parameters in control and obese mice (continued)

Control Obese

Biochemical parameters

Serum TG (mg/dl) 469 =13.2 76.1 =19.7

Serum cholesterol (mg/dl) 452 = 2.7 61.9 2.2

Liver TG (mg/g tissue) 28.1 3.4 86.1 +10.3"

Liver cholesterol (mg/g tissue) 3.0=0.1 35+02

Serum AST (IU/mL) 89.8 9.2 113.3 =£13.9

Serum ALT (IU/mL) 19.2+05 20.5 = 0.4"

Serum ALP® (K-A/mL) 11.7 £0.9 7.7 05
Adiopokine concentrations

Serum leptin (pg/mL) 68.1 £15.4 4,575.3 + 1,359.4"

Serum IL-6 (pg/mL) 6.8 +25 17.7 +3.8

1) Data are means + SEM (n = 15/group).

T2 A Aol7k Yigiek 1553k
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HRkyf o 2ate] AAl Ak AR ol =5E At

3 ofuix) R ofel MHFL Fig. 1o venpsich WA,
AFR: AJFRFS] 79 MIREE 3485 @/, iR 3669 ¢/
o= £ 27o] §IH9l Holt it (Fig. 1), vIUE

of F=E ALAGA el ofuiA] R (4.728 keal/g)
izl ad AAGAel ouA] FFF (3.845
keal/g)ofl I3 Tt (Table 1). o5 F wLoflAfe] ofuf#]
HHFE AAtsto] vlust A}, vigkate] o] A H 3
2 16.5 keal/ Q0.2 T 272] 14.1 keal/do] H]s} 217
o2 =9kon (Fig. 1B), o|2 Q] mAW2lo|E F33t
oA HRke] FEESEE & 4 AUk EZL B T
off AR AAgAf ook A 2|40 9] 75 keal B 7]
A} vjE ool SUstES AxE o, F Aol
5 1,000 keal - o}l eF2 8.75 mg ©|¢lth o]& kg &

2) " indicates significant differences (p < 0.05) between two groups.

3) Alkaline phosphatase

A 49

2.5

1.5 1

Dietintake (g/day)
N

0.5

Control Obese

=
*

18 4

16 -| 1
T 141
2
= 12 4
o
=
> 10 1
&2
s 8
=
Es 6
Q
] 4
2
0
Control Obese
©€) o2 - "
— 0.15 A
-
)
52 )
2
oo
£
o 0.1 -
-
]
s
£
g
&5 0.05 -

Obese

Control

Fig. 1. The amount of fotal diet, energy, and zinc intakes in control
and obese mice. Data are means = SEM (n = 15/group). ~ indicates
significant differences (p < 0.05) between two groups.



200
; 150 *
2 i
2 100
1%
[
N
o
2 50
-
0
Control Obese
300
> 250
]
g 200 *
j=]
3 T
g 150 T
o 100
L]
9
2 50
€
o
0
Control Obese
100
= i T
T 1
[=2]
S 60
v
f=
N
£ 40
2
&
20
0
Control Obese

Journal of Nutrition and Health (J Nutr Health) 2018; 51(6): 489 ~ 497 / 493

250

150
100

HH

Kidney zinc ug/g d

v
o

Control Obese

250

200

150

100

50

Intestine zinc ug/g dry wt)
H—

Control Obese

500

400 R S

300

200

Stool zinc ug/g dry wt)

[y
o
o

Control Obese

Fig. 2. Zinc concentrations in the serum and various tfissues of control and obese mice Data are means + SEM (n = 15/group). "indicates
significant differences (p < 0.05) between two groups.
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ArhArElo) A Hluke AAA l
Zag BARA |tk 11% e, HRIALE

o T°r 5 =k
271@ rHA}oﬂE oqf% & wHv 53| le 0}03.94 g%
s Asteke] Aol AR ol A
o 3 7)Aol diEt olsfi= o}z} —Hré—ém. 2oy
ML AR FEet vlgk uhg-AofA 229 of
A o] Male} o] 2 oA R WHEE ofdss

5<ﬂ°ﬂ et mRNA =55 vjaLste] viek A7 Al of
A iAol PR GRS doR A} shih

2 Aol A HRkEe Th A, % E H 22 0A
o o}l T ATl v BT FojF o= WA e
stk (Fig. 2). o= 4oz wHdAQl Hvte] k=
ob/ob HRp-2x0f| A g4 AlF-S] CSTBL/6] mh--220 H|3f

2 2%, e, I 59 ot 2304 ofd F=rt
aghe Bagk A3 Qi) Aol gabsieh” w3 AL
2o} A 32% AR NS FTtR Fste] BNt
= FEd BEoA ke it vlsf H|gktolA & of
A swrt gojgog gastgrt” sxu o5 A¥ <
TE9 A Aol2RE 9| ofd TS SHsHA &gk
At BINkEE] Ao ofdd Aol thztol Bls 2]l
oz, vgte] o3t 29| ofdd Fke A} ©eed| 49]
ot AHFHF Aol WiZd 7Fed= AR & gl ARk
= 7R & ArollA] Hnke [=sh7] 98 ARERE 1L

AAlo|of ko] A A A 0] 9] o] gk o ofd
FFE Lokl en, vukete] s et obd A"
2t e] obd A F el vlsl o4z =8kt (Fig D).
webA] 2 AtollA UERd B|REEo A o] 23] ol Fk
e obd AR el o3t Zlo] obdS AAIgt

TA A0S FEt HTES A A A o1& s o
zto| vls| AlF ST A= SOl #oAe
& A vegtew, ojgt Hal= dF Helo] E8lw
7 EHskRlH (Table 3). gl —Zri Az2of &
off AL EHEE ol ErRRIe® AlF AFet oy
A HlE 24T 8 op et Wt %H = A
Hol= Fad dghe ok 53, dd g2 FrH=
Y lymophocytesZH-E| IL-6, IL-10, TNF-alpha 52
AEA Alo|E7Il HH|E FAFCEH B Qe
‘ﬂ“}:rloﬂ*i tizztol] Hls 5 IL-69] 7t FolF o
Aoz UEh H|gko 48] 45 S7HE AlA
shct. f&%, U% Hl= obed tiAke] o (dysfunctlon)aL
Aoz dHA Stk o= , B4

= WS A B9, °§~°l 5

A7 A% 2t
of vlsf @3 ot &7t FoHer HakE A
2215}
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of vlal gojHos WA Uehyict
(Table 3). ALPLE o}d-0]& Fd: FARA o] BE A
Aol etz 0 B oAt A] ulgk AlejoA] ot

o 2% B% gat A4 AW okde S5 AR
_’C_I)_ [elie)

2 AtolA F o] W ot FEE vt Ay}, H
ghatof A tftoll sl i ofd F=rt oo R &
Al YeRTE (Fig. 2). ol= HIRE Aol A 249 ot &
7t FAERAY AHol] EAct= ofd el A2 2] ul
Aol F7HEUS 73S AT tiReR wiEE=
ofdolli= FEA & Ao] ot o]Qfof A=Y 7]
QIgE Wl ofddel Sle=dl, el ordel oiiE (2
80%)-> thilS Fofl vl = A ofA thAb ¥Sto] wh
2 g wjAdekol wsleh ! B35 oryEgYa
(stable isotope)S ©]-83F Jackson =30] ojqto) ul=m,
Alo] ofdd HH TS WIS o 24 oA 9 s ¥
shuth YRl ofdol tirio = o] ujd Wy A e
& dojubs Aom HuEglow, of= Wel/d ofo] uf
A xdo] ofd FA Aol e Fag TS =
AR

otAFEA = TRl Tt 22 FolH o Uis)
W ofd thAbE 4ol Tolgieh E3L ofdAEA|
olAFL i mRALE HA Y Py o At
oheket A Ao dute= Aew A Utk &
FollA= Alo] ofdl ] F7t dojube 2w Wil
9] v def Tosh= HPolA Y ofAdEA] A wst
£ A ESITE 1 A3, oA ZnTl mRNA =5=0] H
Hhtof Al ti2<toll Hlsf 2.68] o] FojH g FTtel=
Aoz yesth FolA fEulEe a3t Fol3l=
oL I ofd HiEe 8 HEYS AEH, B
Thtol A19] H ZnT1 mRNA @ 4350 S7k= HTh
ZJEfoll A obd vl F7toll 7]ofdh Ao AR EH, $hA
ke vkl A oW obd FheF F7kel WAe wWHol

Ue AR Helnh T, %o A9, vlAlgEEo A
2 WS otde &% Al W2 o FA7l= d dolst

L Zip4 mRNA 9] 30l £ 271 Zpo|7} glglom, 7
S Yoz o|FAF|E
ZnT1 mRNA7} H]gkFo| A ZS718k= 4ae BAouy ¢
o] 9l ZJoli= off itk o] & wj Bt Alejo A o}
thate] Wshe Ak 5480 #atEThs FHgo|A] of
A Ae] Erjo] B FEFS v|X|= AR Hlth 2 A
oA ofddggA o] MBS mRNA o Aut 243
AgHdo] it obd Al it HE 2ELe F2 A
AF BAlofA] o] R0IR| 7| SHAINEY HAL & 2HL
o S glou s ohil 2ol A o] Wl At it &
Qlo] 23 WQs How AYzEch
7t Aol A ZnTl mRNA 532 H]uko A ozt
Hlgl| f-o8 o8 =4 Yepgon ol= HF & ofA9
ZnT1 mRNA 3 #3le} ARk vk Aol A o}l
A IE o] Wzl 7|2l e & dEA
UA gkont, IL-6 Ei= IL-1B 59 F5A Alo|E7Iele
STAT wWi7j4d AEALAAS Ba] U ofdf44 4
S F7H7IE Ao Yepgth? Y B dgo A= gz
2ol vl Bluke] EF IL-67} uf9- EgronE njke
2 Qg WAl d AdETE 7HS vIRE dF 239
ZnT1 mRNA & Z71e} weo] 9Je Ao ®elh &t
H, 2 Fe A RS o2 §F Maxel 579 A
o A, 3|sHA 2 o] A ZnT1 mRNA 30| AAF7o]
H|3) Blubol A GojF oz o Ao eht B A
o] AE Srysich gHH, o] A4 ZnTl mRNA
e e A 5 HAt ol A EE G-2o]F el
ko] AFAS Ueht uluk A o] ofdd 47 Wl W
7L 24 oAb ol URsH wREe Bk B

-

rlo

T AWE HpgroR, 23 DA Aol ofele BFd
G v RO QIF ofl A W Wat Y 4%
7h B 21 T ool wske estshe Aol e o

7 Waw gow Az

e o
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