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Protective role of a—lipoic acid against microcystin—LR-induced grass carp ovary cell damage

WANG Hui, HE Li, RUAN Jiming, LIANG Ximei, LI Fugui, WEI Lili’

(College of Animal Science and Technology, Jiangxi Agricultural University, Nanchang 330045, China)

Abstract: To evaluate the protective effects of alpha lipoic acid (a—LA) on microcystin—LR (MC-LR)—induced toxicity in aquatic animals,
grass carp ovary (GCO) cells were used in this study. The viability of GCO cells across different concentrations of a—LA treatment and the
joint exposure of a—LA with MC-LR were analyzed. Then, the control (without adding MC~LR and a—LA), 125 pmol L™ a-LA, 24 pmol -
L™ MC-LR, and 125 pmol - L' a—LA+24 pmol - " MC-LR groups were set according to these cell viability results; finally, the effects of
a—LA on the cell viability, oxidative stress, and inflammation of MC—LR-induced GCO cells were analyzed. The results showed that 24
pmol « L' MC-LR treatment significantly increased lactic dehydrogenase (LDH) activity and malondialdehyde (MDA) content, and
significantly inhibited the glutathione (GSH) activity of the GCO cells compared to that of the control group (P<0.05). When 125 pmol - L™
a-LA was added to the MC~LR treated group, LDH activity and MDA content were significantly reduced compared to those of the MC-LR
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exposed group (P<0.05); however, GSH activity was significantly increased (P<0.05). Compared with the control group, the 24 wmol - L™
MC-LR group exhibited a significant lower SODI, CAT, and GST gene expression(P<0.05). In the 125 wmol - L™ a—LA+24 pmol - L' MC—
LR group, GST gene expression was significantly increased (P<0.05); however, the expressions of SODI and CAT genes were not

significantly changed compared with those of the MC-LR exposure group (P>0.05). In addition, analysis of inflammatory factors

demonstrated that the relative expression levels of TNFa and IL11 genes in the MC~LR exposure group were significantly higher than those

in the control group (P<0.05); nonetheless, the relative expression levels of TNFa and IL11 genes in the combined exposure group were

significantly lower than those in the MC-LR exposure group (P<0.05). These results indicate that « =LA can alleviate MC—LR—induced

oxidated stress, improve cell viability, and inhibit inflammation of GCO cells, and thus reduce MC-LR-mediated damage to GCO cells.

Keywords: grass carp ovary cell; a-lipoic acid; microcystin-LR; oxidative stress; inflammation
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Figure 1 Chemical structure of a=lipoic acid
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Table 1 Primer sequences
FEH 4 ik 519741 Primer sequence(5'~3") 2R

Gene name E 18514 Forward primer(5’~3") JZ 1514 Reverse primer(5'~3") Product size/bp
CAT GAAGTTCTACACCGATGAGG CCAGAAATCCCAAACCAT 156
GST TCTCAAGGAACCCGTCTG CCAAGTATCCGTCCCACA 208
SOD1 CGCACTTCAACCCTTACA ACTTTCCTCATTGCCTCC 218
TNFa CAACAGTGACAGACCGACCA CTACCTGACTGGCATGCTCC 170
IL11 GTCAGATGACCAGAGCAGAGG CCTGAGAGGACTGAACCACC 99
GAPDH AACTGACTCTGTGTATCC GTCCGTTGTTGACCTCACCT 124

pL qRT-PCR AR R B IR & 3B AL, R
Bio—Rad CFX %% % 5 f PCR A #1751 , LA GAPDH
KNS I R R 278 3 A S R E GCO i i b
I AE O Rk 1
1.9 SEitFabiE

AR I 1 T AT 45 535 LIV Y B+ F5 E 22 (Mean +
SD) /R . i SPSS 22.0 # A4 X K i gk A7 A N &=
#7711 (One—ANOVA) , iz H Tukey #i 5 3E 17 41 (6] 2
AL, Hirp P<0.05 R g1 22 57 8 %, BA Gt

2 HERENH

2.1 o~LA X} GCO ZRARE S8 2500

a—LA 7EF 24 h X GCO 4i i 36 1 #4352 i 25 S 4
B2 s, GG a—LA ZHAR ., BE 2 a—LA He i 1Y
Tho, A s R BT R TR BT, 625
pmol « L™ a—LA A i 2 412 /& 41 L% 7 (P<0.05) , 17 24
a—LA ¥ J&E H 125~1 000 pmol - L™ B, 41 A 3% 1 Jc i
FARE(P>0.05) , 24 o«—LA B T+ 22 000 pmol «
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A5 17 Cell viability/%

0 62.5 125 250 500 1000 2000
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ANl RE R A B 25 5 B 35 (P<0.05) 0 T Tl

Different letters indicate significant difference among treatments ( P<

0.05). The same below.
B2 o-LAX GCO ZRAETE T RIZ T
Figure 2 Effects of a—LA on the viability of GCO cells

P 1%) WHARTY

L7, 4B TE ) 2 N (P<0.05) .
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301
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Kb HH Treatment

IR ZAAL IR MC-LR 5 o-LA Zb B,
“FOR AL MC-LR 5, a-LA ZbF
"+" indicates that the group is treated as MC-LR or a—LA,"~" indicates
that the group has not received MC~LR or a=LA processing.

B3 o-LAXMC-LR %5 GCO 4RAEIE 1R R0
Figure 3 Effects of a—LA on the cell viability of GCO
induced by MC-LR
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iR R
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M5 MC-LR 440 ., a~LA+MC-LR 2 LDH & Pk 3 3%
TR (P<0.05) .
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Figure 6 Effects of a—LA on the expression level inflammation—

related genes in GCO cells induced by MC-LR

S 2 A A AE 9T & B MC-LR 71 5 GCO 21 i 7~
A AL, AWESY B TER 2 a—LA J& 75 X MC-
LR %551 GCO 40 S8 Ak 40 15 HAT 2 A ]

a-LAE R —Fp KRR BT AAL R, & 14 6
i, — B AN, U R A SR U S TR
(DHLA) , 95 88 11 it 2 S W % 3k 1) B S 285 5 T8 i ik
R B , Mok frie B P 22 R T i T A FH A e T A AR 3Ty
BEM) a-LA®, BF5E R o-LA R HLIA % 2 A1k
0 1 EAT BRI 7, DA I R A S AR
PSR AR BTz Y, A FIE R, a-LA B[ DL
b 2R R B ARCIR AR T R U 2 i T A M Y 3 R,
I H o—LA 7] 5 3 52 = 4 0 K BT 4 s 7™
AWFIE KB a—-LA 7] g 4 = MC-LRAE 5 09 41 i
% 11(P<0.05) o AN, LDH J2 JC 48 B fff A S A4 1 8
YR Z— TER N se A AR R E AR
JLFAEAE TR A8 b, 4 i #4538 7T S 20 LDH ¥k
FERGINST AT 2 R AN M3 IR, an SRR R B A Az
1, LDH 25 4 e i B R e, Al o i1
FM, a-LA+MC-LR 40 LDH i PE4 MC-LR 4 B # F
R (P<0.05) , iX 55 HoAth A (9 0F 52 25 S 258, U1 Zhang
DI R B, - LA R R IR 40175 3 1 I Dk 1A B
YA LDH MR . PRI, AR F9E 45 SR R B o LA fiE
2% MC—LR 2201 GCO 4l #6147 .

MDA 8 A Ry 2 P AR S AL N7 i T 2 () e s

P 1%) WHARTY

Wz — JE AR T B AN R IR w46 A 1h BE 2K
7 T A 2k Ak ™ 7, T GSH & MLAA N EE 2211
UL , FT B GSTHEALIT SHLIA N A 35 1 2% i L 1A
g5, AT I BR A N 19 g 5 2ok S Ak Y, A BiE 5T
7N, MCs RETHFE GSH & A 14 200 B 20 A0 1 33 A g o aod 4R
b (Lipid peroxidation, LPO) , 7= A i G Ak 7= ¥ 4 MDA
S, T 36000 200 L4, 20 17T 25 2 P 5 O 07 38, A
WF5T & /N B T 3 MC-LR 5, JLFIE GSH 7K
- A Bk TR R M AR AR, B4R bR IR 3 SR Ak 1 T
(Glutathione peroxidase , GPx) FIA Bt H BKIL J i ( Glu-
tathione reductase , GR ) &5 [ 36 P4 & A= 2t 2814 Amado
SEP AT IT 2B, - LA 1] % 5 S 0 i R0 UE B GST
FE T T MC-LR i S AUAS 5. Gu 55201
WF5E R W, a—LA W] 42 5 HepG2 Hil Bel7402 2 s
GSH 19 4= Bt LA K2 SOD 36 P |, [l B B A ROS 19 A= 1%
HIMDA B &, U855 MC-LR %40 Ao i4s . b
B WF5E K IAE R AR - LA AT $2 5 40 JTFIF GPx
FCAT M, I LA 1 ST AL RE T, BEAIK MDA
B, M IE 52 MC—LR X pR i S AL i 4520, FE A
WF5E R, AT B2, MC-LR A L2 2 T+ GCO 21
M MDA & &, I 1 & B&AIK GSH & &, iX 1 ] MC-
LR A DA GCO 2l e A= Ak . 5 MC-LR 41
A, a~LA+MC-LR 41 GCO #H il N GSH &t B % -
F+, H MDA & & 8 2 T %, Ul a-LA ] Gl & T+
HLAR N GSH % it i 3 s MR BT A AL R T, DL AR
MC-LR i i GCO 4t Jfl &£k 7 M F 75 MDA % &
{BTEABFSE T, a—LA+MC-LR 4% CAT F1 SOD1 3 [H
FEE AR F MC-LR 41547 B 2 5 (U EiA
T GST R WA KB K o PRI A2 55 v o
LA 23 1 B4 GCO 40 e N GSH 1% 5 &=, HAE F
GST 3635 , I AIE JE GSH 5 MC-LR 5 S0 A
B, B BRI Z0 M P9 MDA 9 4 1%, DL I Sk 2% % MC -
LR 5121 GCO il i S ALt 477 , iX 5 Pflugmacher 54!
IR 25 R

LI 2 — T 5 98 R Ko 928 5 95 AH O 1) 22 ) g 4
MR A BTRIEH . AR, 50 2 il
IL1T FRBW R R Z — YIRSz B Gs P05 5 6E
SCSEEE ILTT HE PR Rk 23 3 . TNFoo s J& —Fh &
PE A0 R, AT 5 A2 AR TNFR2 4544 5 40 i 380 0%
NF—«B {5 55380 [, 17 400 1] 208 L 0 1 sl i s 4 4%
E & T LY AR & AR RAERS 3l 5 SR TNFa
(IR0 A BFSE I MC-LR A8 8 1375 S 1048 N i
20 i R AL IV 38, B TNFo B 23k THis , T 3 4



W o B RAE BRI 2 LR V6 4 (0 90 SR 9 533

iE SV, AR A ST o MC— LR [R) RE ] S8 1011 Al
TNFo 5E R KB KF- 1 , R MC-LR 5% T GCO
Ui M S N ) B . AR A Y R I a-LA [Al R
HA SRR N RAETH FE T . 41 Costa ZF 5%
KB, a—LA A] [AK 116 Al TNFa K-, 0 25 9155 5
INERAAE I & AR AT BE i /N BRI AT R . A, o
LA W AT AR AT 28 30 il /N B IL-18 F TNFou 85 119
FoaR, ALY F R IR a5 AL, K a-
LA figili 28 T8 GCO M TNFo F1ILI T B A () 3Rk
AN SAE 19 K A, AT 55 MC—LR XF GCO 4 fifd iy
i

FIHAT I, AMIRER T ERE EWHEK
FREEZE N-Z R R K KEE A2 AR
w0 55 R AR R 2 B AR DR B AR MC- LR 35 3 19 1T
JUE B U o I A A 2 s A R (BT SR AL T A
WM BB, 5 HAMHU AR A RIAH EL , o-LA f Ry
FAARE U2 AT LA TR 5 0 BT R K s PR A 4 O
5T 3 B - LA FE MR N AP 52 56 i 38 JR R T JH: A 2% fif
MC-LR 755 A FF e P22, g SOk B a-LA AT {E
P MC-LR 55 5 19 I S AR A i v ZE 25 e, AR
WFE A 45 Rl K W a-LA AT 22/ MC-LR 5 S0 4E
A 20 M REPE | SR, ASBIF 5T i = A P 2B B RE R S 50 Y
s % a-LA 1755 0 A2 BE w1 PR 0 HAR R P L o ok
FEEBESE 724 TG B g b o F R %y T A T IR
AT

4 £

o= BR A S B AL B A AR R v 1, R LA
B vy A8 U SN I 2 A R B R - LR TR TR
PRRETT , I 18 i G A S8 A LS I G A A A R AE
TS DACTITE Dok 553 ol 208 350 75 2R — LR X 4 BT 58 240 [ ) 45t
fio PRI, o= PR OGS TR fol 48 B 5 38 - LR 5 39
A —E I

S 3k

[1] BOUAICHA N, MILES C O, BEACH D G, et al. Structural diversity,
characterization and toxicology of microcystins[J]. Toxins(Basel), 2019,
11(12):714.

[2] WEI L L, SUN B J, SONG L R, et al. Gene expression profiles in liver
of zebrafish treated with microcystin—LR[J]. Environmental Toxicology
and Pharmacology, 2008, 26(1) :6-12.

[3] DING W, SHEN H, ONG C. Studies on oxidative damage induced by
cyanobacteria extract in primary cultured rat hepatocytes[J]. Environ-
mental Research, 1998, 78:12-18.

[4] MA J, LI Y, DUAN H, et al. Chronic exposure of nanomolar MC-LR

caused oxidative stress and inflammatory responses in HepG2 cells[]].
Chemosphere, 2018, 192:305-317.

[5] GEHRINGER M M, GOVENDER S, SHAH M, et al. An investigation
of the role of vitamin E in the protection of mice against microcystin
toxicity[J]. Environmental Toxicology, 2003, 18(2):142-148.

[6] AL-JASSABI S, AHMED K A, ABDULLA A M. Antioxidant effect of
curcumin against microcystin—LR-induced renal oxidative damage in
Balb/c mice[J]. Tropical Journal of Pharmaceutical Research, 2012, 11
(4):531-536.

[7] ABDEL-DAIM M M, SAYED A A, ABDEEN A, et al. Piperine en-
hances the antioxidant and anti—inflammatory activities of thymoqui-
none against microcystin-LR~induced hepatotoxicity and neurotoxicity
in mice[J]]. Oxidative Medicine and Cellular Longevity, 2019, 2019:
1309175.

[8] AL-HAZMI A. Antioxidant activity of silymarin in microcystin—LR
cardiac and pulmonary induced injuries on mice[J]. Pakistan Journal
of Biological Sciences, 2020, 23(11 ):1369-1373.

[9] ALKAHTANE A A, ABUSHOUK A I, MOHAMMED E T, et al. Fucoi-
dan alleviates microcystin—LR~induced hepatic, renal, and cardiac oxi-
dative stress and inflammatory injuries in mice[J]. Environmental Sci-
ence and Pollution Research, 2020, 27:2935-2944.

[10] AIT ABDERRAHIM L, TAIBI K, BOUSSAID M, et al. Allium sati-

vum mitigates oxidative damages induced by microcystin—-LR in heart
and liver tissues of mice[J]. Toxicon, 2021, 200:30-37.

[11] CHEN L, CHEN J, ZHANG X, et al. A review of reproductive toxicity
of microcystins|J]. Journal of Hazardous Materials, 2016, 301: 381~
399.

[12] ZHANG S, DU X, LIU H, et al. The latest advances in the reproduc-
tive toxicity of microcystin-LR[J]. Environmental Research, 2021,
192:110254.

[13] LIU W, ZHAN C, ZHANG T, et al. Microcystin—LR influences the in
vitro oocyte maturation of zebrafish by activating the MAPK pathway
[J]. Aquatic Toxicology, 2019, 215:105261.

[14] ZHANG D, XIE P, LIU Y, et al. Transfer, distribution and bioaccumu-
lation of microcystins in the aquatic food web in Lake Taihu, China,
with potential risks to human health[]]. Science of the Total Environ-
ment, 2009, 407(7) :2191-2199.

[15] LIU H, ZHANG X, ZHANG S, et al. Oxidative stress mediates micro-
cystin—LR~induced endoplasmic reticulum stress and autophagy in
KK-1 cells and C57BL/6 mice ovaries|]]|. Frontiers in Physiology,
2018, 9:1058.

[16] HOU J, LI L, XUE T, et al. Damage and recovery of the ovary in fe-
male zebrafish i. p. —injected with MC-LR[J]. Aquatic Toxicology,
2014, 155:110-118.

[17] XUE L, LI J, L1 Y, et al. N-acetylcysteine protects Chinese Hamster
ovary cells from oxidative injury and apoptosis induced by microcys-
tin-LR[J]. International Journal of Clinical and Experimental Medi-
cine, 2015, 8:4911-4921.

[18] ZEHNPFENNIG B, WIRIYASERMKUL P, CARLSON D A, et al. In-
teraction of a=lipoic acid with the human Na*/multivitamin transporter
(hSMVT) [J]. Journal of Biological Chemistry, 2015, 290 (26) :
16372-16382.

[19] SALEHI B, BERKAY YILMAZ Y, et al. Insights on the use of a=lipo-

www.daes.org.an




m@g 534

VRETR Rt Y FA3EFE 3

ic acid for therapeutic purposes[J]]. Biomolecules, 2019, 9(8) :356.

[20] MARQUET A, BUI B T, FLORENTIN D. Biosynthesis of biotin and li-
poic acid[]J]. Vitamins and Hormones, 2001, 61:51-101.

[21] ZHANG J, ZHOU X, WU W, et al. Regeneration of glutathione by al-
pha-lipoic acid via Nrf2/ARE signaling pathway alleviates cadmium—
induced HepG2 cell toxicity[J]. Environmental Toxicology and Phar-
macology, 2017, 51:30-37.

[22] ZHANG W B, CHEN Q Y, MAI K S, et al. Effects of dietary a—lipoic
acid on the growth and antioxidative responses of juvenile abalone
Haliotis discus hannat Inol]]. Aquaculture Research, 2010, 41 (11)
e781-€787.

[23] AMADO L L, GARCIA M L, PEREIRARAT C B, et al. Chemoprotec-
tion of lipoic acid against microcystin—induced toxicosis in common
carp (Cyprinus carpio, Cyprinidae) [J]. Comparative Biochemistry and
Physiology Part C: Toxicology & Pharmacology, 2011, 154(3) : 146
153.

[24] 5K, VPR, AEik, 45 . 2 JE I RHAS I o— B~ TR X 3 2 2% 1Y i
HEAEFI]. ok ifal, 2014, 44(3) :75-79.  ZHANG L, XU G H,
XIONG D, et al. Effects of dietary supplemental a—lipoic acid on the
toxicity of microcystins in hybrid tilapia( Oreochromis niloticusx0. au-
reus)[J]. Freshwater Fisheries, 2014, 44(3) :75-79.

[25] #3CAR, e, R, 55 . ARk S e S A0 e ) £ A R
FAEHIRZ ] VLR 4O 4, 2020, 36(2) :417-422. XU W
J, HAN S Q, ZHOU Q, et al. Effect of dietary antioxidant on microcys-
tin—induced toxicosis in crucian[J]. Jiangsu Journal of Agricultural
Science, 2020, 36(2) :417-422.

[26] GU L, LI S, BAI J, et al. a~lipoic acid protects against microcystin—
LR induced hepatotoxicity through regeneration of glutathione via ac-
tivation of Nrf2[J]. Environmental Toxicology, 2020, 35(7) : 738-746.

[27] WEI L L, FU J P, HE L, et al. Microcystin—LR-induced autophagy
regulates oxidative stress, inflammation, and apoptosis in grass carp
ovary cells in vitro[J]. Toxicology in Vitro, 2023, 87:105520.

[28] ZHAN C, LIU W, ZHANG F, et al. Microcystin—LR triggers different
endoplasmic reticulum stress pathways in the liver, ovary, and off-
spring of zebrafish (Danio rerio) [J]. Journal of Hazardous Materials,
2020, 386:121939.

[29] YOSHIKAWA K, HAYAKAMA K, KATSUMATA N, et al. High—per-
formance liquid chromatographic determination of lipoamidase (lipo-
yl—xhydrolase) activity with a novel substrate, lipoyl-6—aminoquino-
line[J]. Journal of Chromatography B—biomedical Applications, 1996,
679(1/2) :41-47.

[30] PLEMEL J R, JUZWIK C A, BENSON C A, et al. Over—the—counter
anti—oxidant therapies for use in multiple sclerosis: a systematic re-
view[J]. Multiple Sclerosis, 2015, 21(12) : 1485-1495.

[31] LV C, MAHARJAN S, WANG Q, et al. a—lipoic acid promotes neuro-
logical recovery after ischemic stroke by activating the Nrf2/HO-1
pathway to attenuate oxidative damage[]]. Cellular Physiology and
Biochemistry, 2017, 43(3) : 1273-1287.

[32]1 ZOU H, LIU X, HAN T, et al. Alpha-lipoic acid protects against cad-
mium—induced hepatotoxicity via calcium signalling and gap junction-
al intercellular communication in rat hepatocytes[J]. The Journal of

Toxicological Sciences, 2015, 40(4) : 469-477.

P 1%) WHARTY

[33] JURISIC V, RADENKOVIC S, KONJEVIC G. The actual role of LDH
as tumor marker, biochemical and clinical aspects[J]. Advances in Ex-
perimental Medicine and Biology, 2015, 867:115-124.

[34] LOBNERD. Comparison of the LDH and MTT assays for quantifying
cell death: validity for neuronal apoptosis[J]. Journal of Neuroscience
Methods, 2000, 96: 147-152.

[35] ZHANG J, DENG H, LIU L, et al. Alpha-lipoic acid protects against
hypoxia/reoxygenation—induced injury in human umbilical vein endo-
thelial cells through suppression of apoptosis and autophagy[J]. Molec-
ular Medicine Reports, 2015, 12(1) : 180-186.

[36] NAJAFI K, AHMADI S, RAHPEYMA M, et al. Study of serum malo-
ndialdehyde level in opioid and methamphetamine dependent patients
[J]. Acta Medicalranica, 2017, 55(10) : 616-620.

[37] ZHANG K, ZHANG Q, JIANG H, et al. Impact of aerobic exercise on
cognitive impairment and oxidative stress markers in methamphet-
amine—dependent patients[]J]. Psychiatry Research, 2018, 266: 328-
333.

[38] GOGOI K, MANNA P, DEY T, et al. Circulatory heavy metals (cadmi-
um, lead, mercury, and chromium) inversely correlate with plasma
GST activity and GSH level in COPD patients and impair NOX4/Nrf2/
GCLC/GST signaling pathway in cultured monocytes|J]. Toxicology in
Vitro, 2019, 54:269-279.

[39] ZHANG H, ZHANG J, CHEN Y, et al. Microcystin—RR induces apop-
tosis in fish lymphocytes by generating reactive oxygen species and
causing mitochondrial damage[J]. Fish Physiology and Biochemistry,
2008, 34(4) :307-312.

[40] CHEN L, LI S, GUO X, et al. The role of GSH in microcystin—induced
apoptosis in rat liver: involvement of oxidative stress and NF-kappa B
[J]. Environmental Toxicology, 2016, 31(5) :552-560.

[41] PFLUGMACHER S, WIEGAND C, OBEREMM A, et al. Identifica-
tion of an enzymatically formed glutathione conjugate of the cyanobac-
terial hepatotoxin microcystin—LR : the first step of detoxication[J].
Biochimica et Biophysica Acta, 1998, 1425(3) :527-533.

[42] SINGH B, BERRY JA, SHOHER A, et al. COX-2 induces IL-11 pro-
duction in human breast cancer cells|[J]. Journal of Surgical Research,
2006, 131(2) :267-275.

[43] CABAL-HIERRO L, LAZO P 8. Signal transduction by tumor necro-
sis factor receptors[J]. Cellular Signalling, 2012, 24(6) : 1297-1305.

[44] SHI J, ZHOU J, ZHANG M. Microcystins induces vascular inflamma-
tion in human umbilical vein endothelial cells via activation of NF—
kappa B[J]. Mediators of Inflammation, 2015, 2015:942159.

[45] COSTA D, COSTA D, SOUSA C, et al. The alpha-lipoic acid im-
proves survival and prevents irinotecan—induced inflammation and in-
testinal dysmotility in mice[J]. Pharmaceuticals (Basel), 2020, 13
(11):361.

[46] ZHANG Y H, WANG D W, XU S F, et al. Alpha-lipoic acid improves
abnormal behavior by mitigation of oxidative stress, inflammation, fer-
roptosis, and tauopathy in P301S Tau transgenic mice[J]. Redox Biolo-
gy, 2018, 14:535-5438.

[47] SINGH U, JIALAL I. Alpha-lipoic acid supplementation and diabetes
[J]. Nutrition Reviews, 2008, 66(11) : 646-657.

DL - 2)



