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Effects of Short Term Antioxidant Cocktail Supplementation on the Oxidative Stress and
Inflammatory Response of Renal Inflammation in Diabetic Mice™
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ABSTRACT

Diabetes mellitus is a multifactorial disease. Particularly, diabetic nephropathy is a serious complication for diabetic
patients, yet the precise mechanisms that underline the initial stage of diabetic renal inflammation remain unknown.
However, oxidative stress induced by hyperglycemia in diabetes is implicated in diabetic renal disease. We hypothesized
that dietary supplementation of antioxidants either VCE (0.5% VC +0.5% VE) or Comb (0.5% VC +0.5% VE +2.5%
N-acetylcysteine) improves acute diabetic renal inflammation through modulation of blood glucose levels and an-
tioxidant and anti-inflammatory responses. Experimental animals (5.5 weeks old female ICR) used were treated with
alloxan (180 mg/kg) once. When fasting blood glucose levels were higher than 250 mg/dL, mice were divided into 3
groups fed different levels of antioxidant supplementation, DM (diabetic mice fed AIN 93G purified rodent diet) ; VCE
(diabetic mice fed 0.5% vitamin C and 0.5% vitamin E supplemented diet) ; Comb (diabetic mice fed 0.5% vitamin C,
0.5% vitamin E and 2.5% N-acetylcysteine supplemented diet), for 10 days and then sacrificed. Body weights were
measured once a week and blood glucose levels were monitored twice a week. Lipid peroxidation products, thiobar-
bituric acid reacting substances were measured in kidney. NF- £B activation was indirectly demonstrated by pl £B-«
and expressions of selective inflammatory and oxidative stress markers including antioxidant enzymes were also deter-
mined. Dietary antioxidant supplementation improved levels of blood glucose as well as kidney lipid peroxi-dation.
Dietary antioxidant supplementation improved NF- B activation and protein expression of HO-1, but not mMRNA ex-
pression levels in diabetic mice fed Comb diet. In contrast, the mRNA and protein expression of CuZnSOD was de-
creased in diabetic mice fed Comb diet. However, antioxidant supplementation did not improve mRNA and protein ex-
pressions of IL-1/4 and MnSOD in diabetic mice. These findings demonstrate that acute diabetic renal inflammation was
associated with altered inflammatory and antioxidant responses and suggest that antioxidant cocktail supplementation
may have beneficial effects on early stage of diabetic nephropathy through modulation of blood glucose levels and anti-
oxidant enzyme expressions. (Korean J Nutr 2009; 42(8): 673~681)
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5559 ICR ¢ (Central Lab. Animal, Seoul, Korea)
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cageell 4vtH Yo A7z e AX & GnE
7] Y&l 0.9% 219579 alloxan monohydrate (Sigma-
Aldrich, St. Louis, MO., USA)Z 9] 180 mg/kgS 3t
H 57 Feiin i A% ERlS f8) ae] s
o] gsted gl AH sk F Accu-chek sensor (Roche
Diagnostics Co., LTD, Seoul, Korea) ©]-&3&to] d4ks}
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Alols=
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Sigma-Aldrich, St, Louis, MO. USA) ¥ 2) 0.5% HB|E}T]
C, 0.5% WIEN] E¢} 2.5% NACS 713t - (Comb, Sig-



ma-Aldrich, St, Louis, MO. USA) 0% 1}ro] 107k 4
o5 AF5A FFATE ZF Ao] 9] Aol AL Ta-
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ANEAR

kel B3 2lo] 3 isoflurane (Aerane liquid, Ilsung
pharmaceuticals Co., LTD, Seoul, Korea) 2.3 v}&A]71
5, HHRE 7K FAPIE o] &ste] Aol dolls
B 2,000 rpmollA 3023 94 Felst] S

]
= ANl I A AR F vk ALl |

T 4] A7k ~80Tel maglt

TBAMIS 0188 (1 T U] A THYRIE

A4 213159 TBARsE thiobarbituric acid (TBA)
Hell o8l S7dskiet A 27 24 0.1 g2 0.15 M
KCI 900 p#LE Y3l homogenizerE ©]4slo] w23} A
71 % 743 9@ A5 200 pLel 8.1% SDSE 200 LY
a9k 103 A Ao WSt o7]¢] 20% acetic
acid-0.8% TBA mixture® 3 mLY¥3l WHV]E ©]-83}]
23] 4ol = F, 32 THTE 600 pLE Wi 95Tl
A B0RAE HEGAIZ o, o5 FA] ¥ AP)AL TR
mL %} n-butanol-pyridine (15 : 1 v/v) mixture® 5 mL
w1 wHE olgato] & 4]o] =3Itk 4,000 rpmeilA 10

Table 1. Composition of experimental diets

Experimental group

Ingredient DM VCE Comb
g/100 g

Casein 20 20 20
Cornstarch 39.75 39.75 39.75
Dextrose 13.20 13.20 13.20
Sucrose 10.00 10.00 10.00
Cellulose 5.00 5.00 5.00
Soybean oil 7.00 7.00 7.00
t-Butylhydroquinone 0.0014 0.0014 0.0014
Salt mix 3.50 3.50 3.50
Vitamin mix 1.00 1.00 1.00
L-Cystine 0.30 0.30 0.30
Choline bitartrate 0.25 0.25 0.25
Vitamin C" 0 05 05
Vitamin E” 0 05 05
NAC® 0 0 25

1) Vitamin C: L-ASCORBIC ACID, > = 99.0%, CRYSTALLINE, Sigma-
Aldrich St. Louis, MO., USA

2) Vitamin E: (+/-)-ALPHA-TOCOPHEROL, SYNTHETIC, > = 96%,
Sigma-Aldrich, St. Louis, MO., USA

3) NAC: N-ACETYL-L-CYSTEINE, SIGMA GRADE, > = 99%, Sigma-
Aldrich, St. Louis, MO., USA
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i Eeh At g 3 AT 96 wellell 200 pLA ¥
1! ELISA readerE ©]€3% 532 nmolA S4=E 574
SIoitE B ARAE 97 9l 1,1,3,3-tetramethoxypro-
pane (TMP, Sigma-Aldrich, St. Louis, MO., USA)& %
Fgolo g ALESIF T, FE= 242} 0, 40, 80, 120, 160,
180 nMZ AZ3IAh ¥ Ao 3T R-square
e olgsl o (R2 = 0.98) 3 Hekxle] WAl 7}
ARE] FFE whS dijlste] 2lelA1e] MDA X5 nM
o] &)= Aikste] S5t

Total RNA &= X Reverse transcriptase polymerase
chain reaction (RT-PCR)

AAFH S A2 0.1 gol|A] Trizol reagent (Invitrogen,
Carlshad, California, U.S) & ©]23}9] total RNAS +&]
3}tk #2)3F RNA+E Nano-spectrophotometer (Implen
Inc., CA, USA)Z o] €4l 260 nm/280 nmollX TH==
751 55 18 3, 5 1g RNA| AMV reverse
transcriptase 1 L. (Promega, San Luis Obispo, CA USA,
200 unit/#L), 25 mer oligo dT 1 L (QIAGEN, Seoul,
Korea), 10 mM dNTP 1 gL (Takara Korea Biomedical
Inc., Seoul, Korea), 0.1 M DTT 2 pL (Invitrogen, Ca-
rlsbad, California, U.S), 5X Reverse transcription buf-
fer 4 pl. (Promega, San Luis Obispo, CA USA)E 4
total volume©] 20 L7} A ko] cDNAE /33Tt
8338 cDNA 5 pLell 10X PCR buffer 2 ¢L, 10 mM dN-
TP 0.4 pL, 25 mM MgCl,0.6 x«L, Taq polymerase 0.2
¢L (Takara Korea Biomedical Inc., Seoul, Korea) ¢+ 100
pmol Cu/ZnSOD, MnSOD, IkB-a 2] forward$} reverse
primer (Cosmogenetech, Seoul, Korea) & 2}z 1 uL
(Table 2)Z Y9 total volume©] 20 xL7} EAEIIc) vk
= fN95 ABI RT-PCR system (Applied Biosystems,
Foster city, CA, USA)& o]&3lo] PCRe X&)t & nt
0] PCR productsE 2% agarose®lx] A719%3})
©u internal control® 18S-rRNAE o]}ttt =3¢
Z¥7+o] mRNAE 18S%E BAslo] A9l mRNAYS im-
age J program= ©]&-35l] 53t} 4219 primer se-
quence= Table 29} 2t}

CHoHA =5 A Western blot 24

AF 3 A% F2A 0.1 g& protease inhibitor (Sigma-Al-
drich, St. Louis, MO., USA) 7} ¥3F% lysis bufferE ©]
gato] #2433 14,000 rpmelA 3087 LAlEe &)
o] AFZols Aglr}. w2l e Nano-spectrophotometer
(Implen Inc., CA, USA) & o]&3}4] 320 nmeold S3%
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Table 2. Reverse transcriptase PCR primer sequences

Marker Primer sequence Product size

18S Forward 5’-CGAGGAATTCCCAGTAAGTGC-3’ 93 bp
Reverse 5’-CCATCCATTCGGTAGTAGCG-3’

CuzZnSOD Forward 5’-ATGAAAGCGGTGTGCGTGCTG-3’ 444 bp
Reverse 5’-AATCACTCCACAGGCCAAGCG-3

MnSOD Forward 5’-GACCTGCCTTACGACTATGG-3’ 385 bp
Reverse 5’-GACCTTIGCTCCTTATTGAAGC-3’

1kB-a Forward 5’- GACGAGGATTACGAGCAGAT -3’ 634 bp
Reverse 5’- CCTGGTAGGTTACTCTGTIG -3’

£ 3% H 555 7Yk 60 pgll @S 10% poly-
acrylamide geloll4] 7]9-53}o] 2|3t & membrane
ol transferAZt}h. CuZnSOD, MnSOD, IL-18, p-kB-«,
HO-1 wheizle] 12} @A|e} 22} A5 o]-gste] REEAIX1
% ECL solutiong RFAIA G742

trol® S-acting ©- &35tk 4% 7F

2219, internal con-
Z}o] A 2. Bactin

©F ®s}o] Image J program

s
RE e BE  EEOAR TABIOM, BE 7 11
oA SPSS 11.0 E% AHg-3te] ANOVAE p<0.05
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Gtz Ak} Ao] BEt 1ke] AlsHshs o
A zpol= e A0E UERdTE (¥ e 2
g

2lole] Fs} AdHgle]l Wil ¥ w5+ alloxan
T4 o EE STkl (Fig. 1).

AW P WAl 3 VCESF Comb o2 B3
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= A8k ATk
M AR AR TRlE

G tze] A 24 | A4 bskE s W
tjz=tel] vlsl dAatsl B AolitellA folFom A v
absbE w7t HAskelnt (Fig. 2).
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w7 2-sh= Ao sl Lolrr] 98 RT-PCR (mRNA)
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Fig. 1. Dietary antioxidant supplementation reduces blood glu-
cose levels in alloxan induced diabetic mice. Mice were inject-
ed with alloxan (180 mg/kg). DM (diabetes mellitus), VCE (0.5%
Vit C and 0.5% Vit E), Comb (0.5% Vit C and 0.5% Vit E and 2.5%
NAC) Values are means * SEM. Means for a variable without a
common letter differ. p <0.05.
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Fig. 2. Dietary antioxidant supplementation reduces renal lipid
peroxidation in alloxan induced diabetic mice. DM (Diabetes
mellitus), VCE (0.5% Vit C and 0.5% Vit E), Comb (0.5% Vit C and
0.5% Vit E and 2.5% NAC) Values are means + SEM. Means for a
variable without a common letter differ. p <0.05.
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Fig. 3. Effects of antioxidant supple-

mentation on MRNA expression lev-
els of oxidative stress markers in di-
abetic kidney. DM (diabetes melli-
tus), VCE (0.5% vit C and 0.5% Vit
E), Comb (0.5% vit C and 0.5% vit E
and 2.5% NAC) Values are means
+ SEM. Means for a variable with-
out a common letter differ. p <0.05.
A: kB-« (kappaB-alpha). B: MnSoD
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Fig. 4. Effects of antioxidant supple-
mentation on protein expression le-
vels of oxidative stress markers and
pro-inflammatory cytokines in dia-
betic kidney. DM (diabetes melli-
tus), VCE (0.5% vit C and 0.5% Vit
E), Comb (0.5% vit C and 0.5% vit E
and 2.5% NAC) Values are means
+ SEM. Means for a variable with-
out a common letter differ. p <0.05.
A p-l £B- @ (phosphorylated- Ikap-
pag-alpha). B: IL-1 3 (interleukin-1
beta). C: HO-1 (heme oxygenase-
1). D: MnSOD (maganase super-
oxide dismutase) . E: CuznSOD (co-
pper zinc superoxide dismutase) .
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