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Dietary zinc supplementation in high-
fat diet-induced obese mice: Effects
on the skeletal muscle ZIP7 expression
and blood glucose regulation

Qianjing Zhu ® and Jayong Chung ©®

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

ABSTRACT

Purpose: The zinc transporter ZIP7 is known to regulate glucose metabolism in skeletal
muscles, and skeletal muscles are known to play a critical role in glycemic control. The
present study examines the effects of dietary zinc supplementation on the blood glucose
concentration and expression of ZIP7 in skeletal muscle obtained from obese mice fed a high-
fat diet (HF).

Methods: C57BL/6J] male mice were divided into three groups and were administered either a
HF (60% of total calories from fat), HF supplemented with zinc (HF+Zn, 60% calories from
fat + 300 mg zinc/kg diet), or low-fat diet (CON, 10% calories from fat), for 15 weeks.

Results: Compared to CON group mice, the final body weights and adipose tissue weights
were significantly increased, while the skeletal muscle weights were significantly decreased in
mice belonging to the HF and HF+Zn groups. The HF+Zn group had significantly lower levels
of fasting blood glucose concentrations than the HF group. Similarly, zinc supplementation
significantly decreased the HF-elevated area under the curve values obtained from the oral
glucose tolerance test. Skeletal muscle protein levels of ZIP7 in samples obtained from the HF
group were significantly decreased as compared to the CON group. Conversely, the skeletal
ZIP7 protein levels in the HF+Zn group were significantly increased as compared to the HF
group. Moreover, the protein levels of phosphorylated-AKT and glucose transporter 4 in the
skeletal muscle were significantly increased subsequent to zinc supplementation.
Conclusion: Our data demonstrates that zinc supplementation up-regulates the skeletal
muscle ZIP7 expression, which is associated with improved glucose tolerance in the obesity.
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ME
Hgho|uh B &2 AW =55 3l AAIA A o 2 A 24eH 17 £A4 = o) 75 a2 Qlok. v gk
FHEZASE S7 okl o, AR AAA LA F Q=197 BT 1= 6,521 ©]
ol Dot A& A Qlrk [1]. H]TkRlo A= e’ 2§ do] 5] U oj= U
Fsollet LA EF2 oF7|5t] A28 Tz olut A vA FAehe iy o2 S7HAR
O 2. 4 &2 AU led o9& T F59 A 75%E BEote 22 FG £
Aol 51 ofdttt 3] LG Qe A2 22| vkt Ao 35
Ao g s = A4l Yol om zte| 1 Qlow weba 24 FRof|A el i thAt 24
= 7N k= W ol digh ¢hal o] S7kekal ik
o2 n|F F714 F F HAZ A Ulol]l Bo| EAoh= FF4olth §3] =4 &2 ofd
o] FH FE FAE AU AA ot 9] oF 60%E XAt [4]. oFd A g Tl 23,0007t
A o)/go] A o, Aol 300 7H o]/Fo] BaolA B QAR 285t T ofd2
Adf of2] 7k2] tiAb g ol B2 o2 g LE T [5]. of A o] Al Ule] T4, HE I A R
Al U ofd /g2 ot EAofl ofslf 2 "}, ofd 4EA]|+= Zinc transporter (ZNT,
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SLC30A) family2} ZRT/IRT-like protein (ZIP, SLC39A) family THl & & LR g] =0 ZNTE= A
ZA Y o} Fr7t 55w, ofd-S AL W) A& 7|30 7HEA L (sequestration) Al X 2] 2w
ZotaL, zIp F = A| 2 U oA 5= 7S wf ofdS Al 32 Hofl A Qb0 & F4=5k A L Al
3 A7)0 A= of = ofd 2 FEAIA A2 Ul o} 5 =E &I [6]. FA7HA]
ZNT 10709} ZIP 1470 2 5 24 7] 9] o}l =57} Bhsi Al o1, SRl wha} 24) Soj4 o=
st ket oAk 2 of ofgh 2d AE-S st A0 2 A A Tt [7].

% ofed 5=7k o2 0 2 Weom [s),
P 9le] 8 ol S22 7hd hakAfol
S

7|& AP Aol = HTkel-2 /g }lol vl e &
OgolH 27 obl B 7k Sk kel 79 A
20 2 Lttt [9]. B3 ofjl B
SHTEL EY 55 W 2o ® HAE v QLo [10,11], 1A Q1 AH8- 713 of] tish
| ofeie] HIE V2| 2o o] Foll B4 o2 2750
4 vl S A2kl & w, obd Al 7 tiARel | X]= 2t
7ol ot =EAol] 23t - o] TS A 0 2 A EH T Myers 5 [12] 2 24 ZH A EFE
o) &2t invitro BTN ol el 244 21077} B4 28 AEOIA ]9 2 S F 02 WA,
ZIP7 A A S A A A S o 5] A 2E2] glucose transporter 4 (GLUT4) HH&d o] -§-2] 2 o

2 7ashe 5 G ohAb 2o GRS F 4 S-S BT oo £ Aol = A A
O] 2 FE H|T 0-9 A invivo B L o] §5te], T YA Alo] el H B 25
AN

5
zp7 B £F3 Blalskal, A o] & Ft ofd BFo] 24 THoll Mo zvy S »EH
o
=

T 2T 5= Hetol| njx]= 9%

(%)
N
o
@)

57BLG) male mice (Daehan Biolink, Eumseong, Korea) 4502 & 15 Q7+ AFS-A -7 o]
23 A7 H, ol oJ3l M o (low-fat diet, CON; high-fat diet, HF; high-fat diet and zinc,
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HF+Zn) 2 2 o] t}3-9] A8 S 1557 323 T (n = 15/group). CON-& A A%} 244
A]0] (10% total calories from fat), HF--2 ILA| ¥} 4] 0](60% total calories from fat), HF+Znw>
2 ofd-& HE3H A’ 4] 0] (60% of total calories from fat + Zn 300 mg/kg diet) S 355+
T} & AFE = Research Diets, Inc AF (New Brunswick, NJ, USA)©ll A custom A 2}5}o] AF-&-5}
Rom, ot H3Z 9lsl 7He ot o] FEll= 5= AR 9] mineral mix©l F 2 ARE- & = &
At otA (zinc carbonate) O] U TH 157 ANS &, A 2 -‘?’—o]— e A]— = A A5t o, o)
2ol S AR RS 2 SR T Y A28 (/\]__t':_ Sho] ZA] x| A A0
ol £ o) 24 271 -gorcoll BRI 9leh, £ @7 Aol ERAE £
2 S 2R E 53 2 & PSR (KHUASP(SE)-18-068).

4 2 251 A

NP SES AT AYN TR UL EHB UL, EET 2gkgbw) S 30 ZR40
o] 4 Eojgt T 158 308, 60, 902, 12020] 712] A F5lo] D ZAA| (Code free,
SD Biosensor Inc, Suwon, Korea)E ©|-8-5to] @32 S4 oAt G ¥H-& WA (area under
the curve, AUC)< Pruessner 5 [13]2] 32| & o]-&5}o] Al4kstich

Western blot analyses

4 L8 F A= lysis buffer©l] '€ 0] homogenizer= -FLZ@]-%J' S rotatorE ©]-&35}0] 4°C
of| A 2A]7H5-9F BE-2-A] 7] 31, 15,000 xg, 4°C 5_746}01] 15827 LA Balsto] A=ohS 2519
o} ol A& M-S 10% SDS-PAGER £2]$F &, polyvinylidene fluoride membrane (Merck
Millipore, Burlington, MA, USA)®]| transfer 5F%1t}. Membrane-2 0.1% Tween-20 in Tris-buff-
ered saline (TBS-T buffer)©ll =<1 5% non-fat skim milk (Difco, Paris, France) = /<=0l 4] 1A]
7H5?F blocking $F &, Y2} &A| (primary antibody)@} 4°COll Al overnight & <F BH-S-A| 7Tt
U2} A= ZIP7 (Cell Signaling Technology, Boston, MA, USA), phospho-AKT, AKT, GLUT4,
B-actin (Santa Cruz Biotechnology, Delaware, CA, USA)= AH-&5}31t}. ©] % TBS-T buffer® Al
ot &, 5|45k o] %} A (secondary antibody) S A0l A 1A]7F 308 5QF F-2513i . o]
2} A= goat anti mouse IgG (H+L)-HRP conjugate (1:5,000 dilution; Bio-Rad Laboratories,
Inc., Hercules, CA, USA), goat anti rabbit IgG (H+L)-HRP conjugate (1:5,000 dilution; Thermo
Scientific, Waltham, MA, USA), donkey anti goat IgG (H+L)—HRP conjugate (1:5,000; Santa Cruz
Biotechnology) S AF-2-5F1T}. TBS-T buffer® A2 &, Clarity™ western ECL substrate (Bio-
Rad Laboratories, Inc.)& ©]-85}o] ¥F-3-A]Z] & chemiluminescence image system (Clinx Sci-
ence Instruments Inc., Shanghai, China) 2.2 Z+A| 5} t}. Gel analysis software V2.025 0]-&5}

o] J=Fst AL B-actin @ = HF3}oFRA T

SHZEAM

DE A= gidy 2Eex2 Yehlth 35 7H] 9] A}o]= analysis of variance=
£ 2 Duncan’s multiple range test2 AP A& AAISHATE SAEA-2 SPSS Statistics
Version 25.0 (IBM Corp., Armonk, NY, USA)= AF&5F1 L, p < 0.05 20| A F-28 S A5
O]'ME]'-
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ofato] B ghE R = 5F 2 7}, HF -2 CONoll H] &l 3 #| 50| 7-2]
2 0 2 Z7}5} A1 (HF 47.3 gvs. CONT 31,5 g, p < 0.05) (Fig. 1A), B & A5 A =
2] o] A o A] f-2] & o 2 Z7}51A T} (HFT 0.19 g vs. CONT- 0.07 g, p < 0.05) (Fig. 18). B Y
BEAF TG4 25 229 FAl= FYH 2 &2 7HA5HI T (HEF 0.03 g vs. CONT-0.02 g, p
<0.05), (Fig. 1€). HF+Znw2| 7%, HEZ- I} H| W sto] |5, &9 A5 & A2 4 D 24 &
5o FAloll §-2] A1 2to] 7} IR o1 & A Lol A ARERE 20 ofd HZ-2 H|wh§ =9
=24 2% Tl YFS AA 5= & 4 AAh

HZE, XY= o =4
=
= H

155 2F A4 o]

S Y skt Fd XY Hol = "ot H3)

A T 358U AT 2 Fo| & I HSHS S AIHE Fig. 20 L}E}L“E}
HF-2 CON0] H] 3| 25 ddo] §-2] 2 0 & &9t} (p < 0.05). CONT-2] B¢ EET

o] 3 158714 o] &ttt o] T 2= Alg A4S ool vls) HFE-2 30T°ﬂ
21 FgZ Uepflon, cCONT-I} H]asto] §-2] 4 0 2 =2 PS5 LFERHTHA] 2hRtehA|
Aastelt.

ShH o} A& B 55 HF+Zn 2] 73‘T, HEZo H| 5l 3-5-F o] 214 0 2 Wttt (p <0.05).

HF+Znte] 7 Lot Fo] & I HstE ”JHEL, 5I°ﬂ Z A& UERon o] S
15 A -ol A HEol Bl el fro] & o 2 v kg LERT (p < 0.05). T3 A X
Hoto| w2 FHH2H A (AUC)E A4kt Zxtol| A = HEw°] cONol| vl & v ™
Zlo] g0 o 7 =715l o1 HF+Znw-2 HEZO] H] 3l 21% G2 02 ZhAst= 710z
LHERSTE (Fig. 2B).

B c
300 - S 35 - v
1 1)
g . B A
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Fig. 1. Effects of dietary zinc supplementation on (A) total body weight, (B) adipose tissue weight, and (C) skeletal muscle weight in mice fed HF. One-way
analysis of variance followed by Duncan's multiple range test was performed. Horizontal bar indicates mean values in each group.

CON, low-fat diet (#); HF, high-fat diet (»); HF+Zn, high-fat diet and zinc (-) (n = 15/group).

"Indicates statistical significance (p < 0.05) vs. CON group.
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Fig. 2. Effects of dietary zinc supplementation on (A) blood glucose concentrations, (B) area under curve values upon oral glucose tolerance test in mice fed HF.
Fasting blood glucose was measured after 12 hours of fasting. Post-prandial blood glucose was measured after 15, 30, 60, 90, and 120 minutes of oral feeding of
glucose solution (2 g/kg) to the fasted mouse. Values are presented as means + SEM. One-way analysis of variance followed by Duncan's multiple range test was
performed. Different letters indicate statistical significance (p < 0.05).

OGTT, oral glucose tolerance test; AUC, area under the curve; CON, low-fat diet; HF, high-fat diet; HF+Zn, high-fat diet and zinc.
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22 2]0|M zIp7 EHE £F W3}

ZIP72 =4 Z/OA G tiAF 2-Hol| Hofst= Aoz AR Sl o]of =2 T80l
zip7 S 35 H| W3k A3 (Fig. 3), HFT2 CONT Y] 36% F 22 {22 o 2 Zh4sh
Z 0 2 Vet $HH, HF+znwt o] z1p7 T ~F-2 HEOl H] 3 1.68] £+ E 02 F-2o] %
O 2 #3431, CONTol Hl s M= 2] 2| 0.2 W] UrERt T (p < 0.05).

CON HF HF+Zn
Zip7 W — - ——
B-actin ‘h- - — - G G - -\

1.2 4
c

1.0
c 0.8+
=
e b
= 0.6 1
—~
S a
N 0.4

0
CON HF HF+Zn

Fig. 3. Effects of dietary zinc supplementation on ZIP7 protein levels in mice fed HF. ZIP7 and B-actin protein
expression in the skeletal muscle were determined by Western blot analyses. Representative images are
presented. ZIP7 protein expression levels are quantified and normalized relative to B-actin protein level. The
relative values are expressed as mean + SEM. One-way analysis of variance followed by Duncan's multiple range
test was performed. Different letters indicate statistical significance (p < 0.05).

CON, low-fat diet; HF, high-fat diet; HF+Zn, high-fat diet and zinc.
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Fig. 4. Effects of dietary zinc supplementation on (A) pAKT and (B) GLUT4 protein levels in mice fed high-fat diet. pAKT, AKT, GLUT4 and B-actin protein
expression in the skeletal muscle were determined by Western blot analyses. Representative images are presented. pAKT, AKT, and GLUT4 protein expression
levels are quantified and normalized relative to $-actin protein level. The relative values are expressed as mean = SEM. One-way analysis of variance followed by

Duncan's multiple range test was performed. Different letters indicate statistical significance (p < 0.05).

CON, low-fat diet; HF, high-fat diet; HF+Zn, high-fat diet and zinc; pAKT, phosphorylated-AKT; GLUT4, glucose transporter 4; NS, not significant.
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