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Zinc supplementation improves glucose and lipid metabolism in type 2 diabetic rats

Chen Xuan', Zhou Fangyuan®, Wei Xiaofei®, Wu Bing', Wang Yue*"

('School of Nursing, Nanjing University of Chinese Medicine, Nanjing 210046 ;’Hanling College of Nanjing
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[Abstract] Objective: This study was conducted to explore whether zinc supplementation improves the disturbance of glucose and lipid
metabolism in type 2 diabetes mellitus  (T2DM) rats and how did these produce. Methods: T2DM rat model was established by feeding
with high-sucrose-fat diet for 8 weeks followed by streptozotocin (STZ) (30 mg/kg, ip). T2DM rats were randomly divided into four groups.
The zine supplementation groups were respectively administrated 1.6 mg/kg, 3.2 mg/kg and 64 mg/kg elemental zinc as zine sulfate by
gavage, while both the normal control group and untreated diabetic group received ultrapure water. After 6 weeks, we detected the indexes
about serum zine, blood glucose, lipid metabolism, oxidative stress and inflammatory cytokines, which including fasting blood glucose
(FBG), fasting insulin (FINS), homeostasis model assessment-insulin resistance (HOMA-IR), serum total cholesterol (TC), triglyceride
(TG), high density lipoprotein cholesterol (HDI-C), low density lipoprotein cholesterol (LDL-C), free fatty acids (FFA), superoxide
dismutase (SOD), glutathione peroxidase (GSH-PX), malonaldehyde (MDA), tumor necrosis factor-alpha (TNF-a) and interleukin (IL)-
6. The results indicated that zinc supplementation significantly increased serum zinc and HDL-C levels and reduced FBG, FINS, HOMA-
IR and serum TC, TG, LDL-C, FFA levels. The activities of antioxidant enzymes were significantly enhanced, while inflammatory
cytokines were decreased in the zinc supplementation groups. The high dose of the zinc supplementation group (64 mg/kg-d) showed the
best curative effects. Conclusion: The present study showed that zinc supplementation could improve metabolic disturbance of type 2
diabetic rats, and that could be related to augmenting antioxidant and anti-inflammatory ability.
[Keywords] zinc; type 2 diabetes mellitus (T2DM); metabolism; oxidative stress; inflammatory cytokines
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Figure 1 Comparison of zinc level in serum of rats in dif-
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2.2 AEAF 2 AU¥E fJm K R FBG.FINS #= HOMA-IR
KF 8 #em

T U £ 20 PR s A SRR R 2 bL 1 5 41 B
IR (P < 0.05), £+ ¥4 5HAIZ Z 7] FBG TG
Z 5 (P> 0.05), 4N Hls , B R i R 21 K 455
HAMEEA] FBG 8T TATA B3 TR (P < 0.05),
HZH ] b, #5 20 PR K BRUMBEAELATS i 2 v T IE
WH(P<0.05,% 1),

T 991 5 K I 26 K Bl FINS 7K SF- F1 HOMA-IR %%
IEH A E T (P < 0.05), 4 4N AL AR R 41 A1

®1 THWEIEEEKXR FBG ELILR
Table 1 Comparison of FBG value of rats in different

groups before and after interventionX = §,n=8)
A9 THRT FBG(mmol/L) T FBG(mmol/L)

IEHH 5.35 + 0.58 5.15 + 1.16

FERIZH 22.55 + 2.38* 18.11 + 4574
e 23.90 + 1.61* 16.06 + 4.96*4
R 23.78 + 2.34* 16.69 + 4.60*4
T B 23.63 + 1.77* 14.18 + 2.05*4

HIEWHMEL, *P < 0.05; 5 FHETM L, 4P < 0.05,

x2 FTHREZAKR FINS 71 HOMA-IR #tb32
Table 2 Comparison of FINS and HOMA-IR of rats in

different groups after intervention (X *$,n=8)

2H 5 FINS(wU/mL) HOMA-IR
IEH A 0.70 = 0.08 0.16 = 0.05
FERIZH 1.53 £ 0.13* 122 + 031"
R4 1.20 + 0.08" 0.87 + 0.31**
R 1.10 + 0.08"#~ 0.82 + 0.25**
e 0.75 + 0.09%2° 0.47 + 0.10"#2°

SIEFHMI, *P < 0.05; 5HEHAM L ,*P < 0.05; 51K
BEAMLE, AP < 0.05; SRl L, °P < 0.05,

FeBA B3 N RE(P < 0.05) , AS[RIFH 4 2H 2H 1]
HeA , WS A 9 T, FINS Fi HOMA-IR Y94 3%
FF&E(P<0.05,%2),
2.3 FEF 2 A R K BB AR IEAR G R R
HIEH M, BRI K B+ TC. TG,
LDL-C 5 FFA ¥ 275 (P < 0.05),HDL-C & F
Mkt 2= S GIEE X (P > 0.05), £4MFd
TC S TR FHod Rl s b e
AN SR A L 22 57 3 (P < 0.05) ;45 #b
BEALINTE TG & HA TREEE, (URrdl SRR
M ZE R B E (P <0.05), SHEBIHAML, hif &
FE R AV T3 (P < 0.05); £ F#heEdl
LDL-C 1 FFA & &3 5% N (P < 0.05), #&4ME
ZHA ] H B, gl AErE 4] TC \LDL-C \FFA ¥ b
TRAFAH 351 2 (P < 0.05) , B 4F4H HDL-C Tk
AR TR (P < 0.05) . i frdl 5 e AR L, A
FFA FRERE (P < 0.05,% 3),
24 FEAT 2 AU KR K R T RA S ARG
PRI 5 IE R R RAIEE, 107G MDA /K- &
FETFE (P < 0.05), [fiL3E GSH-Px ,SOD 7K - & 3 [
(P < 0.05), SHERIZAH L, 45 4MEELL MDA 7K
TRERZE (P < 0.05) ; 1l & Al 7 & GSH-Px,SOD
KB FT, 2 R A G 2EE L (P < 0.05),
AN L LH ] UR , m A4 3 e bRl W AL
TAREF AR (P < 0.05, % 4)
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Table 3 Comparison of serum lipid of rats in different groups after intervention

(mmol/L,n=108)

2 TC TG HDL-C LDL-C FFA
IEHH 1.62 + 0.30 0.49 + 0.08 0.95 + 0.13 0.39 + 0.04 90.57 + 4.10
FERIZ 2.09 +0.26* 0.73 +0.09* 0.78 = 0.04* 0.49 + 0.07* 206.71 + 12.14*
(R4 1.89 + 0.24* 0.68 +0.19* 0.89 + 0.12 0.39 + 0.12* 199.13 + 4.14**
k=27 145 + 0217 0.60 + 0.05 0.92 + 0.06" 0.25 + 0.02** 186.90 + 3.60*#
e 1.33 £ 0.20*% 0.54 + 0.08" 1.01 + 0.07%2 0.22 + 0.04*# 158.13 + 4.84+#5¢

HIEHHAMLL, P < 0.05; SHBIEAMLL, P < 0.05; SIREHAMLL, *P < 0.05; 5HHAMLL, °P < 0.05,

*4 THREESHAXREMUERILER
Table 4 Comparison of oxidative indexes of rats in

different groups after intervention (X *§,n=8)

ZH5%]  MDA(pmol/L) GSH-Px(mU/mL)  SOD(U/mL)
EH4H 8.68 £2.20 28.72 + 1.62 114.38 + 10.60
FERIZH 26.18 + 2.98* 1730 + 0.79* 79.15 + 5.65*
fRA¥4H 22.33 +2.35" 1875 + 1.55* 81.95 + 6.23*
thEEZH 1791 + 1.98*2  21.13 + 1.08** 94.85 + 5.31*#

B 13.42 £ 1.85%%2° 25.05 + 3.85%2% 108.86 + 9.73%4¢
HIERWAAMEL, *P < 0.05; SHEMA AL, P < 0.05; 51%4F
AL, 2P < 0.05; 5 EEdiAf L, °P < 0.05,

2.5 AEaf 2 MR IE K R E TNF-a IL-6 7K -F &
EAD)

BEAIZH KBS TNF-o IL-6 Y B F 5 5
IEFAMEZERAGI2EE (P < 0.05), £
ZH TNF-o IL-6 Y52 FREEHE Hrb BRLEE TNF-o
TRETCGE R A, RS 4 TNF-a IL-6 S515AY
HAHHZE R IHE G 2FE (P < 0.05), £#berdl
HIa A, TPREL AR R4 TNF-o J1-6 R FE/KF
WER TR (P < 0.05); PR S EFr gl M L,
TNF-a IL-6 FIEZEF AR (P< 005, 5),

x5 THRBHEXBRREETFHLILER
Table 5 Comparison of inflammatory cytokines of rats in
different groups after intervention(pg/ml.,n=8)
ikl TNF-a IL-6

IEHA 160.77 + 13.08 145.50 + 4.23
FETIZH 266.26 + 20.29* 263.46 + 10.16*
fREEH 251.80 + 19.18"* 246.06 + 5.73*"
BRkasE 223.22 + 5.88 % 201.88 + 7.56*%
A 199.42 + 6.66*#4° 188.40 + 7.39*#4¢

HIERWAAME, *P < 0.05; SHEEHML P < 0.05; 55
AL, 2P < 0.05; 5 EEdiAf L, °P < 0.05,

KI5
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BEE—FREZE MR E R R, AMUEA YA
AEHT, RIBF R BA BRI, AN B % B
PR FR A PN AR RS MAMER T LR 55
WEDRIG AR PN T B /KT, DA T e s P i AR 2527
B ELA TR AR VRO AT ARG 0 iR & R A5 -3 i
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FRIGENE A | A AR 3 B RAE PR T 19 1 FH Bt o b
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T BAES JE SR AR ZEE
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